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ABSTRACT 
Relay intercropping is a form of multiple cropping where a second crop 
(e.g. soybean) is planted before a first crop (e.g. wheat) is harvested and can 
be used to increase the length of the growing season available to the second 
crop. A field study was conducted in 1988,1989, and 1990 near Boone, Iowa 
to evaluate relay intercropping soybean into winter wheat. The objective of 
the study was to determine the effect of soybean variety and row spacing (in 
a relay intercropping system with winter wheat) on wheat and soybean 
yields, soil moisture usage, and canopy light interception. 
Three soybean genotypes (A75-D29, 'Hoyt', and 'Pella 86') were 
interseeded into 'Siouxland' hard red winter wheat. Wheat rows were spaced 
25 cm apart and were interseeded with soybeans at three different row 
spacings (25, 51, and 76 cm). Land equivalent ratios (LER's) were calculated 
to measure the agronomic productivity of the system. Soil moisture samples 
were analyzed from three depths in the profile and at two distances firom the 
row. Light interception measurements were made in 20 cm increments firom 
the soil surface to the canopy top. 
Dry weather resulted in premature death of intercropped soybeans in 
1988 and 1989. In 1990, above average rainfall resulted in adequate soil 
moisture throughout the growing season and all treatments reached 
maturity. Averaged over the 3 years, sole wheat yielded slightly more than 
xiii 
intercropped wheat; however, neither soybean variety nor row spacing had a 
significant effect on wheat yields. In 1990, soybean performance was greatly 
diminished by intercropping as yield, seed size, plant height, and plant stand 
were reduced by 78, 14, 27, and 31%, respectively. Soybeans grown in 
narrow row spacings and those with indeterminate growth habits produced 
the greatest yields in both sole and intercrop systems. In 1990, the LER was 
1.18 with the wheat component comprising over 80% of the total. 
Sole soybeans utilized more soil water and intercepted more light than 
intercropped soybeans after wheat was harvested. Among the intercropped 
treatments, soybeans grown in narrow row spacings and those with an 
indeterminate growth habit were also advantageous in light interception. 
1 
GENERAL INTRODUCTION 
Research and technological advances have resulted in improvements in 
both the quality and quantity of agricultural crops. These advances 
gradually shifted from systems where crops were grown in mixtures to ones 
where they were grown in monocultures. Monocultures are especially used in 
developed countries where complex machinery, synthetic fertilizers, and 
pesticides are readily available. The continued production of monocultures 
does have problems associated with it (Horwith, 1985). Soil loss due to 
erosion has greatly increased. Populations of weeds, diseases, and insects 
have increased and controlling these pests has lead to greater contamination 
of natural resources as well as a buildup in pest resistance. 
Multiple cropping can be used to eliminate some of the problems 
associated with monocultures. Multiple cropping can be defined as a system 
where total production on a given land area is increased by growing more 
than one crop in a farming year (Andrews and Kassam, 1976). This system 
offers several agronomic advantages compared to monocultures: allowing 
better utilization of environmental factors, providing greater yield stability in 
variable environments, and protecting the soil from wind and water erosion 
(Beets, 1982; Francis, 1986). In addition, multiple cropping can reduce the 
risk of total crop failure and may decrease the need for synthetic fertilizers 
and pesticides (Horwith, 1985). 
2 
Multiple cropping can be divided into two main categories, depending 
on the physical relationship of the crops involved: sequential cropping and 
intercropping (Andrews and Kassam, 1976). Sequential cropping refers to 
growing two or more crops in sequence on the same field in a given year. In 
sequential cropping, crops occupy the land at different times and are 
managed as single crops. Intercropping is used to describe systems where 
two or more crops are grown simultaneously on the same field in a given 
year. Based on the timing and arrangement of crop species, intercropping 
can be separated into four classes: mixed, row, strip, and relay. Mixed 
intercropping refers to crop species grown with no distinct row arrangement, 
while row intercropping describes species grown in rows. In strip 
intercropping, crops are grown in strips wide enough to allow independent 
cultivation but close enough to allow agronomic interaction. Relay 
intercropping is a system where a second crop is planted into the land area 
occupied by the first crop before the first crop is harvested. In this system, 
the two species overlap for a portion of their growing seasons. 
In many parts of the world (especially in less developed countries), 
intercropping is a common practice (Vandermeer, 1989). In more developed 
countries, the system can be used to diversify crops produced and to stabilize 
agricultural production. In the United States, multiple cropping exists 
primarily as double-cropping systems and is concentrated in southeastern 
states (Francis, 1986). The majority of double-cropped hectares consist of 
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soybeans [Glycine max (L.) Merrill] being grown after a crop of winter wheat 
(Triticum aestivum L.) has been harvested. In areas of the country where 
the growing season is not long enough to accomodate double-cropping, relay 
intercropping may allow these two crops to be grown in the same year. 
Therefore, the system has great potential in midwestern states. 
Reports suggest that relay intercropping soybean into land occupied by 
small grain species may increase soybean yield potential (compared to 
double-cropping) by providing a longer growing season (Brown, 1982; Brown 
and Graffis, 1976; Chan et al., 1980; JefFers et al., 1977; Reinbott et al., 
1987). The most often used small grains have been winter wheat and spring 
oat [Avena sativa (L.)]. With these small grains, yields are often not 
significantly reduced when soybean is relay intercropped with them. In most 
cases, the yield of sole soybean was significantly greater than intercropped 
soybean; however, the intercrop system was more productive overall. 
Several factors affect the success of relay intercropping soybean into 
small grains. According to Whigham (1985), selecting early maturing species 
or cultivars and utilizing early harvest methods will decrease the length of 
simultaneous competition and likely result in greater yields firom the second 
crop. Although decreasing the length of simultaneous competition is 
important, planting soybean after the small grain has headed will reduce the 
yield of the small grain (Jeffers and Triplett, 1979; Reinbott et al., 1987). 
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Studies also show that soybean seeding method is important in relay 
intercropping. Aerial seeding of soybean is not a reliable method of 
establishing a stand; however, the use of a no-till drill does result in good, 
germination and emergence (Brown, 1982; Jeffers and Triplett, 1979). 
Soybean row spacing in relay intercropping systems has been shown to 
significantly affect soybean yields with conflicting results reported. Most 
reports indicate a general trend of increased yields as row spacing is 
decreased (Jeffers and Triplett, 1979; Reinbott et al., 1987). However, Chan 
et al. (1980) reported that yields decreased as row spacings were narrowed in 
response to greater moisture stress. 
Soybean variety is another important factor in relay intercropping. 
Generally, full season, late maturing, indeterminate varieties perform best 
(Jeffers et al., 1977; Jeffers and Triplett, 1979). McBroom et al. (1981) 
suggest that late maturing varieties utilize longer periods of vegetative 
growth to compensate for the period of competition with small grains. 
Likewise, indeterminate cultivars generally perform better than determinate 
cultivars because they will continue vegetative growth after the first crop has 
been removed (Chan et al., 1980). 
In any cropping system, adequate soil moisture is a prerequisite to 
good seedling germination and subsequent crop growth and development. In 
relay intercropping, soil moisture availability to the germinating soybean 
seeds is even more critical (Whigham, 1985). Adequate moisture throughout 
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the growing season is also very important as seasonal deficits will be 
reflected by alterations in the developing crop (Scott, 1985). Stress during 
germination and emergence results in poor stands and/or high rates of 
seedling mortality. During vegetative growth, water stress results in a 
reduced rate of dry weight accumulation, plant height, and leaf area index 
(LAI). Moisture stress during early reproductive growth (flowering) is 
evidenced by a shortened flowering period resulting in fewer flowers, pods, 
and seeds being produced. During late reproductive growth (seed filling), 
stress is evidenced by smaller and malformed seeds (Egli et al., 1983). 
Solar radiation intercepted by soybean leaves and rate of dry matter 
production are directly related (Shibles and Weber, 1965). Since the total 
amount of sunlight available to intercropped soybean is greatly reduced by 
the small grain crop, one would expect dry matter production of intercropped 
soybeans to be less than that of soybeans grown as sole crops. However, final 
seed yield is not directly related to total dry matter production but depends 
on the utilization of photosynthate between vegetative growth and seed 
production (Shibles and Weber, 1966). In relay intercropped soybeans, plants 
intercepting the greatest percentage of solar radiation did produce the 
highest yields (Reinbott et al., 1987), indicating that seed yield is related to 
light interception. 
The success of relay intercropping is most commonly explained using 
the concept of a land equivalent ratio (LER) (Francis, 1985; International 
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Rice Research Institute, 1974; Mead and Willey, 1980). A LER is defined as 
the sum of relative yields (i.e. intercrop yield divided by sole crop yield) of all 
species involved in the intercrop. It is calculated by the formula: 
LER = E Ij / Sj 
where: Ij = intercrop yield of the ith species; 
= sole crop yield of the ith species. 
The LER provides a good agronomic comparison of the crops involved in 
intercropping. It expresses the amount of land required for a sole crop to 
produce the same yields as an intercrop. 
Relay intercropping soybean into winter wheat has been successful in 
midwestem states north of the typical double-cropped areas. Therefore, the 
system has great potential in Iowa to diversify crops grown, reduce erosion, 
and/or increase farm productivity. Although results have not been consistent, 
some relay intercropping systems have increased economic returns (Duncan, 
et al., 1990; Taylor, 1989). In this study however, only agronomic efficiency 
of intercropping was investigated and no economic comparisons were made. 
The objective of this study was to determine the effect of soybean 
variety and row spacing ~ in a relay intercropping system involving soybean 
and winter wheat - on: 1) seed yield; 2) soil moisture depletion; and 3) 
canopy light interception. In making these determinations, several other 
morphological factors are discussed. Studies were conducted at the Iowa 
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State University Agronomy and Agricultural Engineering Research Center 
(near Boone, Iowa) in 1988 through 1990. 
Explanation of Dissertation Format 
The alternate format for preparing the dissertation is used with the 
manuscript divided into two parts, both of which are suitable for publication. 
The effect of relay intercropping on yields is discussed in Part I, which is 
entitled: Effect of Soybean Variety and Row Spacing on Wheat and Soybean 
Yields in a Relay Intercropping System. Soil moisture usage and light 
interception are discussed in Part II, which is entitled: Effect of Soybean 
Variety and Row Spacing on Soil Moisture Usage and Light Interception in a 
Relay Intercropping System with Winter Wheat. 
Each part contains a section for the: 1) literature review, 2) materials 
and methods, 3) results and discussion, 4) summary and conclusions, 5) 
literature cited, and 6) appendix. A general introduction and general 
summary is included immediately before the literature review in Part I and 
immediately after the summary and conclusions in Part II, respectively. The 
literature cited section following the general summary includes those 
references cited in the general introduction only. Tables and figures in each 
part are numbered independently. 
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PART I. EFFECT OF SOYBEAN VARIETY AND ROW SPACING 
ON WHEAT AND SOYBEAN YIELDS IN A RELAY 
INTERCROPPING SYSTEM 
9 
LITERATURE REVIEW 
Intercropping Systems 
In recent years, relay intercropping soybean into small grains has 
received considerable attention from researchers in the midwestem United 
States. As a result, some insight on the best management practices (e.g. 
planting dates, species, seeding methods, and row arrangements) has been 
gained. 
Planting date and method 
Research on the optimum time of soybean planting indicates that small 
grain yields are generally highest when soybean is seeded just before 
inflorescences have emerged (Brown, 1982; Jeffers and Triplett, 1979; 
Reinbott et al., 1987). Planting soybean too early increases the length of 
simultaneous competition while planting after heads have emerged results in 
greater mechanical damage, both resulting in decreased small grain yields. 
However, soybean seeding after heading does result in higher soybean yields. 
Factors contributing to these higher yields include better stands (Jeffers et 
al., 1977), shorter periods of competition (Reinbott et al., 1987), and less 
soybean damage from clipping during small grain harvest (Brown, 1982). 
When considering the yields of both crops, planting soybean just prior to 
heading is the most productive time. 
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Studies show that drilling soybean (usually with a no-till planter) 
results in better stand establishment than aerial seeding (Brown, 1982; Chan 
et al., 1980; Jefifers and Triplett, 1979). Although aerial seeding will result 
in less damage to the small grain, it does not provide adequate seed to soil 
contact for soybean germination and seedling emergence. When wheat is 
seeded in rows, mechanical damage can be minimized by drilling soybean 
between the wheat rows and the benefits of the drilled soybean can be 
realized. 
Crop species used in intercropping 
Several crop species have been tested in intercrop systems. Working 
with sorghum [Sorghum bicolor (L.) Moench] intercropped with soybean, 
Elmore and Jackobs (1984) showed that tall sorghum cultivars were more 
competitive than short cultivars and thus had greater yields. The intercrop 
soybean yield was greater in the short sorghum cultivars. Dry matter 
accumulations and seed yields of corn [Zea mays (L.)], cowpea [Vigna 
unquiculata (L.) Walp.], and soybean were lower when intercropped than 
when grown in monocrops (Allen and Obura, 1983). Ahmed and Rao (1982) 
reported some cases where intercrop corn yields were increased due to its 
ability to use nitrogen fixed by intercropped soybean. In each of these 
studies, the combined productivity of crops grown in the intercrop systems 
was greater than when grown as monocultures. 
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In relay intercropping systems in the United States, soybean is most 
often used as the second crop with a small grain (e.g. oat, barley [Hordeum 
vulgare (L.)], rye [Secale cereale] or winter wheat) used as the first crop. 
When oat was harvested as silage, intercropped soybean tended to increase 
both the yield and protein content of the silage (Brown and Graffis, 1976). 
When oat was harvested as grain, intercropping decreased oat yields. 
Greater reductions in soybean yield were also evidenced when oat was 
harvested as grain instead of silage. In evaluating oats and barley as forage 
species intercropped with soybean, Kaplan and Brinkman (1984) found that 
planting soybeans into thinned stands of the small grains could result in 
greater yields of both small grain forage and soybean seed yield. 
Relay intercropped soybean did not decrease the yield of either spring 
oat or winter wheat; however, reduced soybean yields were observed (Chan et 
al., 1980). Moomaw and Powell (1990) reported similar results in a study 
conducted in Nebraska. They also noted that winter wheat usually allows 
greater intercropped soybean yields than oat because it is harvested sooner, 
is less hkely to lodge, and provides better protection from annual grass 
weeds. In comparison to barley, wheat was advantageous in that it allowed 
more sunlight to reach the developing soybeans. 
In Iowa, studies indicate that greater soybean yields will be realized 
with wheat than with spring oat (Madden, 1989; Sarobol, 1986). The fact 
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that wheat can be harvested sooner than oat is again the major reason for 
the advantage. 
Row Spacing 
Row spacing in monocrop svstems 
The optimum row spacing for monocropped soybean has been studied 
extensively. Soybean yield generally increases as row spacing decreases. In 
a six year study conducted in Ohio, Cooper (1977) reported a 10 to 40% yield 
advantage for cultivars grown in 17 cm row spacings compared to 50 and 75 
cm row spacings. In North Dakota, Spilde et al. (1980) report that soybeans 
in 30 cm rows yielded 41% more than those in 91 cm rows when planted 
early and 30% more when planted late. However, soybean tends to yield less 
in narrow rows when water stress is encountered (Alessi and Power, 1982). 
Increased LAI and a more even distribution of plants reportedly 
contributed to greater yields of soybean in narrow row spacings (Hicks et al., 
1969; Safo-Kantanka and Lawson, 1980). With narrow rows, reports 
indicated that within row spacing of plants should be greater than in wide 
rows to obtain yield advantages (Donovan et al., 1963; Weber et al., 1966). 
The most efficient and productive arrangement of plants is that which will 
maximize total canopy surface (and thus LAI) during the growing season 
(Shibles and Weber, 1966). Murphy et al. (1983) reported greater yields in 
double-cropped soybeans planted in narrow rows (19 cm) in comparison to 
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wider row spacings (38 and 76 cm). They attributed these greater yields to a 
reduction in the amount of time required to achieve canopy closure and 
added that rapid closure also aided in weed control. 
Row spacing in intercrop systems 
In intercropping systems, soybean row spacing has been shown to have 
different effects on seed yield. When relay intercropping soybean into oat 
and barley, Kaplan and Brinkman (1984) report that soybean row spacing 
does not significantly affect seed yield. In full stands of oat and barley, 
narrow rows did show a tendency to produce greater yields than wide rows. 
However, in reduced stands of the small grains, wide rows showed a 
tendency to outyield narrow rows. When moisture stress was encountered, 
yields of intercropped soybeans in narrow rows were lower than in wide rows 
(Chan et al., 1980). Reinbott et al. (1987) reported a 19% greater soybean 
yield in 20 cm row spacings than in 80 cm spacings. More rapid canopy 
closure, and thus more efficient utilization of incoming radiation, was cited as 
the major reason for these higher yields. 
Row spacing and planting pattern of the small grain in intercropping 
are also important. In a study interseeding oat with red clover \Trifolium 
pratense (L.)], oat seeded in narrow rows produced greater yields and higher 
test weights than those in wide rows (Pendleton and Dungan, 1953). In a 
later study, oat interseeded with red clover in row spacings of 20, 41, 61, and 
14 
81 cm rows yielded 93, 90, 86, and 82% of oat grown in monocultures, 
respectively. (Pendleton, 1957). Similar results were reported by Chan et al. 
(1980) where increasing the row width of both spring oat and winter wheat 
reduced small grain yields. 
In relay intercropping studies, several researchers have investigated 
leaving spaces in the small grain stands to decrease competition to the 
developing soybeans. By leaving gaps in the stands of oat and barley, 
Kaplan and Brinkman (1984) reported higher yields of soybean than when 
interseeded in solid rows. In another study, skip-row wheat reduced wheat 
yield but resulted in soybean yields that were nearly twice those of soybeans 
grown in wheat without skip-rows (Jeffers et al., 1977). Duncan et al. (1990) 
reported a 14% reduction in wheat yields with skip-row patterns and showed 
variable soybean yields in the different wheat planting patterns. At one 
location, soybeans intercropped in the skip-row wheat did outyield soybeans 
intercropped in solid seeded rows by 15%. Reinbott et al. (1987) cites lower 
plant density in skip-row wheat as the primary reason for reduced wheat 
yields. 
Cultivar Selection 
In monocrop systems, selecting soybean cultivars that take full 
advantage of the available growing season is important. In relay 
intercropping, the choice of full season cultivars is even more crucial because 
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the soybean competes with the small grain for a substantial amount of time. 
Studies have shown that this competition generally does not affect small 
grain yields (Chan et al., 1980; Madden, 1989; Sarobol, 1986), especially 
when mechanical damage can be avoided. In selecting wheat varieties, 
utilizing stiff-strawed cultivars that are not likely to lodge helped prevent 
damage to the developing soybean and resulted in less mechanical damage 
and greater yields (Jeffers and Triplett, 1979). 
Since soybean yield can be greatly reduced by intercropping, the proper 
selection of cultivars is important. Generally, full season, indeterminate 
varieties outyield short season, determinate varieties (Brown, 1982). The 
reason for this improved performance is that the determinate cultivars do not 
develop sufficient vegetative growth after small grain harvest. In Ohio, 
studies indicated that late season cultivars that will mature before frost are 
best suited for relay intercropping (Jeffers et al., 1977). In a similar study, 
the growth rate of the late season "Williams' variety after wheat harvest 
equalled that of Williams grown as a sole crop (Jeffers and Triplett, 1979). 
Contrarily, the growth rate of intercropped 'Beeson', an earlier variety, never 
reached the rate of Beeson grown alone. This extra vegetative growth 
apparently gives soybean a greater competitive advantage against drought or 
other competition. Triplett et al. (1976) also noted that later maturing 
varieties showed a tendency to have greater stands, even though these higher 
populations may not always result in greater yields. 
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In minois, researchers agree that later maturing cultivars perform 
better in relay intercrop systems due to a greater capacity for vegetative 
growth after wheat harvest (McBroom et al., 1981). In comparing the yields 
of intercropped maturity Group II to Group III cultivars, they found that 
-1 Group III cultivars yielded significantly more (1710 kg ha compared to 
-1 1190 kg ha , respectively). Likewise, indeterminate cultivars yielded more 
than the determinate cultivars (Chan et al., 1980). In Mississippi (an area 
where doublecropping is often employed), later maturing varieties (Groups VI 
and VII) also performed better in relay intercrop systems than early 
maturing (Group V) varieties (Taylor, 1989). 
In studies conducted in Iowa, soybean variety did not significantly 
affect small grain yield in relay intercrop systems. For soybean yield, the tall 
indeterminate Telia' yielded significantly more than 'Hobbit' (determinate) or 
'Asgrow 3127' (medium height, indeterminate) when relay intercropped with 
spring oat (Sarobol, 1986). The 'Pella 86' variety also showed a tendency to 
produce greater yields when relay intercropped with winter wheat (Madden, 
1989). 
Analysis of Intercropping and Land Equivalent Ratio 
Several methods have been employed to measure the success of 
intercropping systems. Mead (1986) emphasizes that there is no single best 
method of analysis and that valid agronomic comparisons must have a 
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common crop species. The land equivalent ratio (LER) is the most commonly 
used assessment of intercropping (Francis, 1985). LER determines the 
amount of land required for sole crops to produce the yields achieved in 
intercropping (Mead, 1986). A LER equal to 1.0 means that an additive 
response of individual crop components exists so that the intercropped yield 
is equal to the monocrop yield. A LER less than 1.0 means that competition 
between species has decreased yields of those species involved in the 
intercrop. A LER greater than 1.0 means that the intercropped species have 
produced more than either of the sole crops would have produced, a condition 
called overyielding. 
Calculation of LER 
In summation form, LER is calculated as (Francis, 1985): 
Sj = sole crop yield of the ith species 
For intercrop systems involving two species, e.g. soybean (S) and wheat 
(W), LER is calculated as follows (Mead, 1986): 
LER = Lg + L^ 
LER = Z ySj 
where: = intercrop yield of the ith species 
where: Lg = Ig / Sg 
Ig = intercrop soybean yield 
Sg = sole crop soybean yield 
^w ^w ^ ®w 
= intercrop wheat yield 
Sg = sole crop wheat yield 
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With this calculation method, Lg and represent the relative yields of 
soybean and wheat, respectively, and provide information on the efficiencies 
of these crops in a mixture. 
In calculating LER values. Mead (1986) points out that the divisor (or 
sole crop component) must be carefully selected in order to adequately 
describe land use efficiency. By using examples with different divisors, he 
illustrated that the sole crop yields selected must be well-defined, achievable, 
and optimal to properly calculate LER's. Mead (1986) also discussed 
statistical comparisons of LER values and mentioned that perhaps more valid 
comparisons evolve from values where a single divisor is used. 
LER values in various cropping systems 
In tropical intercropping systems involving maize and sorghum grown 
in conjunction with soybean, Mohta and De (1980) reported LER values 
ranging from 1.12 to 1.48. With wider row spacings (120 cm for maize and 
90 cm for sorghum), they reported greater LER values due to better 
utilization of available resources. Ahmed and Rao (1982) reported LER 
values ranging from 1.42 to 1.64 in systems intercropping maize and soybean. 
They noted greater values for systems that did not add supplemental 
nitrogen fertilizer. 
In intercropping systems in the United States, LER values have been 
more variable. In a system involving sorghum and soybean, LER values 
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ranged from 0.75 to 1.17 (Elmore and Jackobs, 1984). In Iowa, relay 
intercropping soybean into spring oat resulted in LER values ranging from 
0.92 to 1.95 (Sarobol, 1986). Greater values occurred among treatments with 
narrow soybean row spacings (25 cm), early soybean planting dates (prior to 
oat heading), and full season soybean varieties. Madden (1989) reported 
values ranging from 1.46 to 1.62 for soybeans relay intercropped into winter 
wheat in Iowa. 
In using LER values to assess relay intercropping, the value of the 
individual components (e.g. Lg and L^) are important. These components 
can be used by producers to help make agronomic and economic decisions. 
Objectives 
The specific objectives of this experiment were to determine: 1) the 
effect of soybean variety and row spacing on yields of soybean and wheat in a 
relay intercropping system, and 2) the relative agronomic productivity and 
efficiency of this intercropping system. Selected morphological and 
agronomic parameters were examined to help explain the results obtained. 
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MATERIALS AND METHODS 
The experiments were conducted in 1988 through 1990 at the Iowa 
State University (ISU) Agronomy and Agricultural Engineering Research 
Center near Boone, Iowa. The Bruner farm was the site for the 1988 and 
1990 experiments where the soil consists of a Canisteo (Typic Haplaquolls) 
silty clay loam and a Nicollet (Aquic Hapludolls) loam. The 1989 experiment 
was conducted at the Burkey farm where the soil is a Clarion (Typic 
Hapludolls) loam. 
The experimental design was a randomized complete block with three 
replications of each treatment. Treatments were composed of a factorial 
arrangement of two cropping systems, three soybean varieties, and three 
soybean row spacings (25, 51, and 76 cm) for a total of 19 treatments. The 
cropping systems evaluated were sole crop (of both wheat and soybean) and 
soybean relay intercropped into winter wheat. The three soybean genotypes 
were 'Pella 86', 'Hoyt', and A75-D29. Pella 86 has an indeterminate growth 
habit, is of late Group II maturity, and has proven to be a high yielding 
variety in central Iowa. Hoyt is a determinate variety that was developed in 
Ohio for use in doublecrop systems. It is of Group II maturity and performs 
well in narrow row spacings (Dr. Richard Cooper, 1988, personal 
communication). The A75-D29 genotype is an experimental line in the 
soybean breeding program at ISU and is of early Group II maturity. It 
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exhibits semideterminate stem termination and has a high resistance to 
lodging. 
In all three years of the experiment, spring oat was the previous crop 
grown. The oat was grown to maturity and harvested for grain with the 
stubble being disked as necessary to bury the remaining straw. A field 
cultivator was used for final seedbed preparation just prior to wheat 
planting. The winter wheat variety selected was 'Siouxland', a hard red 
winter wheat. Wheat was seeded in the early fall of each year preceding the 
harvest year (see Table A1 for wheat planting dates). Wheat was bulk 
-1 
seeded with a small grain drill in 25 cm row spacings at a rate of 84 kg ha 
each year. 
Fertilizer was applied according to test results from the ISU soil 
testing laboratory. In 1987 and 1988, a fertilizer application of 0-24-84 
-1 (elemental N, P, and K) kg ha was applied after oat harvest with an 
-1 
application of 45 kg ha (elemental) N applied just prior to wheat planting. 
In 1989, an application of 0-20-112 (elemental N, P, and K) was applied after 
-1 
oat harvest and an additional 45 kg ha (elemental) N applied just before 
-1 
wheat was planted. In all three years, 67 kg ha (elemental) N was applied 
in the spring shortly after wheat resumed growth. 
Before the boot stage of wheat [stage 36 according to Zadoks et al. 
2 2 (1974)] was reached, 6.1 m plots were marked off in the wheat with 7.6 m 
left as border for turning of equipment. All treatments were randomized and 
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allocated on the 6.1 m plots. Within the plots, two wheat harvest strips 
were delineated by removing wheat from the border rows with hand sickles. 
In 1988, eight 25 cm wheat rows, each 6.1 m long, were harvested per strip 
(see Table A1 for wheat harvest dates). In 1989 and 1990, five 25 cm rows 
(6.1 m long) were harvested. A plot combine was used for harvesting all 
three years with the header operated just above the soybean tops to minimize 
clipping of the upper leaves and nodes. Prior to wheat harvest, the average 
height per treatment was determined by measuring the distance from the soil 
surface to the top of the kernels on the inflorescences of five randomly 
selected plants. Harvest samples were collected in cloth bags and placed in a 
dryer set at 60°C for 72 hours. Seeds were further cleaned by hand then 
weighed with yields adjusted to 13% moisture. Wheat seed size was 
determined by weighing 1000 seeds. 
Soybeans were interseeded into the wheat just prior to emergence of 
the inflorescences [stage 47-49 according to Zadoks et al. (1974)]. Two strips 
of soybean were planted into each plot using a no-till drill that provided good 
seed to soil contact and allowed variable row spacings. Sole plots were 
prepared by mowing and removing vegetative material from the plots about 
two weeks prior to planting. Monocrop seedbeds were prepared by roto-
tilling the soil with sole plots being planted at the same time the 
intercropped plots were planted (see Table A1 for soybean planting dates). 
Previous research has indicated that the optimum seeding rates for soybean 
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varies with stem termination type and that determinate growth types have a 
higher optimum seeding rate than indeterminates (Dr. Richard Cooper, 1988, 
personal communication). Therefore, different rates were used for the three 
-1 genotypes: 774,670; 645,560; and 516,450 seeds ha for Hoyt, A75-D29, and 
Pella 86, respectively. 
A postemergence application of sethoxydim [2-(l-(ethoxyimion)butyl)-5-
(2-(ethylthio) propyl)-3-hydroxy-2-cyclohexen-l-one] at a rate of 0.26 kg 
-1 -1 ha with 0.95 1 ha of crop oil concentrate added was applied to the sole 
soybean plots to control grassy weeds. The major grass species competing 
with the soybeans was foxtail (Setaria sp.). Broadleaf weeds were controlled 
by hand removal as necessary to maintain weed-free conditions. The major 
broadleaf weeds were pigweed iAmaranthus sp.), smartweed {Polygonum sp.), 
cocklebur {Xanthium pensylvanicum), and lambsquarter {Chenopodium 
album). 
The average of two strips per treatment was used to determine 
soybean yields. Each year, the greatest uniform harvest area, as limited by 
length of the plots, was harvested (see Table A1 for soybean harvest dates). 
In 1988, each strip was trimmed to 5.2 m and to 5.5 m in 1989 and 1990. 
Soybean plant heights were determined by measuring the distance from the 
soil surface to the terminal node of five randomly selected plants. Lowest 
pod height, measured from the soil surface to the attached end of the lowest 
pod, was measured on five randomly selected plants in 1989 and 1990 and 
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final plant populations were tabulated all three years. To determine seed 
yield in 1988 and 1989, the center 4, 2, and 2 rows from 25, 51, and 76 cm 
rows were harvested, respectively. In 1990, the inner 5, 3, and 2 rows firom 
25, 51, and 76 cm rows were harvested, respectively. Soybeans were 
harvested with a plot combine and samples were collected in cloth bags then 
artificially dried (at 60°C for 72 hours) to 13% moisture. Soybean seed size 
was determined by weighing 100 seeds from each harvest strip and seed 
yields are reported as 13% moisture. 
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RESULTS AND DISCUSSION 
Experiments were conducted to determine the effect of soybean variety 
and row spacing on wheat and soybean yields in a relay intercropping 
system. Data for wheat and soybean are reported separately. 
Precipitation amounts varied greatly during the three years the study 
was conducted (Table A2). In the first two years of the study (1988 and 
1989), below average precipitation fell. In 1988, monthly precipitation totals 
were below average for the first seven months of the year. In May and 
June ~ which was the critical time that wheat and soybean were growing 
together — deficits were 67 and 77 mm, respectively. In 1989, May and June 
deficits were 5 and 41 mm, respectively. These shortages, coupled with below 
average precipitation in the other months, caused severe drought stress and 
subsequent death of intercropped soybeans. Therefore, intercropped soybeans 
were not harvested in 1988 and 1989. In other intercropping studies, 
inadequate soil moisture at the time of (or shortly after) soybean seeding has 
also caused stand failures (Chan et al., 1980; Madden, 1989). In 1990, the 
precipitation total exceeded the 30 year annual average by 200 mm. During 
the critical intercrop months of May, June, and July, totals exceeded the 
average by 106, 80, and 108 mm. Excess rainfall in late June and 
throughout July delayed winter wheat harvest and resulted in a longer 
overlap period for the two crops. 
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Grain yield, kernel weight, and plant height were measured for winter 
wheat. In addition to these characters, lowest pod height and plant stands 
were recorded for soybeans. The means of variables that caused significant 
differences according to the F-test (at a=0.05 or 0,01) were fiirther separated 
with the LSD test (a=0.05). 
Wheat Response 
Year had a significant effect on all of the wheat characters measured 
(Table A3). Cropping system had a significant effect on yield and kernel 
weight in 1988 and only on kernel weight in 1989. Within the intercropping 
system, neither soybean variety, row spacing, nor the interaction between 
variety and row spacing significantly affected any of the wheat characters 
measured (Table A4). 
Year effect 
Year had a significant effect on each of the characteristics measured 
(a<0.01) (Table A3). Grain yield was 4592, 3566, and 3268 kg ha ^ for 1989, 
1988, and 1990, respectively (Table 1). Yield in each year differed 
significantly from other years and was apparently related to the amounts of 
precipitation that fell during reproductive development of the wheat. In 
1988, only 77 mm of rain fell between 15 May and 1 July (the period from 
early boot stage to physiological maturity). In 1990, 341 mm of rain fell 
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Table 1. Mean values^ of winter wheat plant characters as affected by 
year and cropping system measured during 1988, 1989, 1990, 
and for combined data 
Cropping 
system 
Grain yield Kernel 
weight 
Plant 
height 
kg ha ^ mg seed ^ cm 
Year 
1988 3566 b 29.68 b 87.52 c 
1989 4592 a 32.04 a 93.13 b 
1990 3268 c 30.10 b 108.88 a 
LSDQ05 236 0.46 2.77 
SE 193 0.37 3.27 
1988 
Intercrop wheat 3337 b 29.52 b 87.25 
Sole wheat 4252 a 30.17 a 90.00 N! 
LSDQ05 278 0.63 
SE 236 0.54 5.97 
1989 
Intercrop wheat 4517 32.39 a 92.38 b 
Sole wheat 4818 NS 31.00 b 99.89 a 
LSDoQg 0.78 7.09 
SE 464 0.66 5.97 
1990 
Intercrop wheat 3240 30.30 108.33 
Sole wheat 3355 NS 29.50 NS 108.94 N! 
SE 257 0.56 4.98 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
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Table 1. (Continued) 
Cropping Grain yield Kernel Plant 
system weight height 
kg ha ^ mg seed ^ cin 
Combined data 
Intercrop wheat 3698 30.73 96.19 
Sole wheat 4141 NS 30.22 NS 99.41 NS 
SE 418 1.05 4.46 
during this period and continued throughout July. As a result, winter wheat 
harvest was delayed and the longer overlap period caused an increase in pre-
and post-harvest losses. In 1989, 180 mm of rain fell during this period and 
resulted in the highest yields being produced. Kernel weight was also 
significantly greater in 1989 than in 1988 or 1990 (Table 1). 
The tallest plants were produced in 1990 with plant heights differing 
significantly each year (Table 1). Wheat heights were 109, 93, and 88 cm for 
1990, 1989, and 1988, respectively. These mean plant heights follow the 
same trend as the amount of precipitation received during vegetative growth 
in the spring (Table A2). 
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Cropping system effect 
Cropping system had a significant effect on wheat yield (a<0.01) in 
1988 (Table A3) when sole wheat yielded 22% more than intercropped wheat 
(Table 1). Extremely dry conditions shortly after soybean emergence was a 
likely cause for the reduced intercropped yields. In addition, visual 
observations showed that mechanical damage from interseeding the soybeans 
into the wheat was greater in 1988 than in the other two years (data not 
reported). These data are in agreement with other reports where relay 
intercropping reduced wheat yields (Brown, 1982; Jeffers and Triplett, 1979; 
Madden, 1989; Reinbott et al., 1987). In each of these studies, mechanical 
damage (from the soybean planter units and wheel traffic from the tractor 
and drill) was a major cause of the reduced yields. In 1989, 1990, and the 
combined data, sole cropped wheat did yield slightly more than intercropped 
wheat, but these differences were not significant (Table 1). Mechanical 
damage could be minimized by leaving spaces in wheat stands for wheel 
traffic. In commercial operations where larger equipment is used, the 
expected damage would be less due to a lower concentration of wheel traffic 
in a given land area. 
Wheat kernel weight was significantly affected by cropping system in 
1988 (a<0.05) and 1989 (a<0.01) (Table A3), In 1988, sole cropped wheat 
produced significantly larger kernels than intercropped wheat; however, the 
reverse was true in 1989 (Table 1). In 1990 and for the combined data. 
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intercropped wheat produced slightly larger kernels, although the difference 
was not significant. In 1988, severe mechanical damage occurred in the 
intercropped wheat plots on both vegetative and reproductive parts. This 
damage apparently reduced the capacity of the plants to manufacture and 
transport assimilate to the developing kernels. In 1989 and 1990, mechanical 
damage to vegetative structures of wheat was minimized; however, planting 
during the late boot stage of wheat could have caused flower abortion in the 
developing inflorescences. Flower abortion would lead to fewer kernels per 
inflorescence. The reduction in kernel number would result in a greater 
amount of assimilate being partitioned to each kernel, thereby producing 
larger kernels. Similar results were reported by Madden (1989) where the 
kernel weight of intercropped wheat was greater than sole cropped wheat. 
Cropping system had a significant effect on plant height (a<0.01) only 
in 1989 (Table A3). In 1989, sole wheat height averaged 100 cm, 
significantly more than intercropped wheat at 92 cm (Table 1). In each year 
though, sole wheat was taller than intercropped wheat. Madden (1989) 
reported small but significant reductions in wheat height and Sarobol (1986) 
showed a similar trend of reduced oat heights in systems intercropping 
soybean into small grains in Iowa. 
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Soybean variety and row spacing effect in intercropped wheat 
Within the intercropped treatments, none of the variables examined 
had a significant effect on the wheat characteristics measured (Table A4). 
No discernible pattern of winter wheat yield, kernel size, or plant height was 
evidenced when interseeded with determinate, indeterminate, or 
semideterminate soybean types (Table 2). The same was true for soybean 
row spacing as winter wheat performed essentially the same regardless of 
soybean spacing (Table 3). These data conflict with those of Madden (1989) 
where intercropped wheat yields were reduced as row spacings were 
narrowed. In that study, a perpendicular soybean planting pattern was used 
and resulted in more mechanical damage and subsequent yield reduction 
with narrow soybean rows. 
Soybean Response 
Drought conditions in 1988 and 1989 caused death of intercropped 
soybeans during early vegetative growth, therefore intercropped soybean data 
are reported for 1990 only. Cropping system, soybean variety, and soybean 
row spacing caused significant effects for the various soybean characters 
measured (Table A5). Large differences occurred in the characters measured 
between the two cropping systems. In determining the effect of the different 
variables, means were compared within the cropping systems so that 
significant differences in mean values would not be underestimated. 
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Table 2. Mean values of relay intercropped winter wheat plant characters 
as aflFected by soybean variety measured during 1988, 1989, 
1990, and for combined data 
Soybean 
variety 
Grain yield Kernel 
weight 
Plant 
height 
kg ha ^ mg seed cm 
1988 
A75-D29 3533 29.44 88.07 
Hoyt 3292 29.22 87.30 
Pella 86 3188 NS" 29.89 NS 86.37 NS 
SE 
1989 
107 0.25 1.74 
A75-D29 4594 32.11 92.40 
Hoyt 4358 32.28 93.67 
Pella 86 4598 NS 32.78 NS 91.07 NS 
SE 
1990 
232 0.32 1.90 
A75-D29 3052 30.83 108.90 
Hoyt 3403 30.28 109.70 
Pella 86 3246 NS 29.78 NS 109.11 NS 
SE 
Combined data 
142 0.36 1.66 
A75-D29 3726 30.80 96.16 
Hoyt 3680 30.61 96.89 
Pella 86 3688 NS 30.80 NS 95.52 NS 
SE 56 0.11 0.60 
^NS = not significant according to the F-test. 
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Table 3. Mean values of relay intercropped winter wheat plant characters 
as affected by soybean row spacing measured during 1988, 1989, 
1990, and for combined data 
Soybean 
row spacing 
Grain yield Kernel 
weight 
Plant 
height 
cm kg ha ^ mg seed ^ cm 
1988 
25 3178 29.44 85.07 
51 3449 29.94 88.26 
76 3385 NS^ 29.17 NS 88.41 NS 
SE 
1989 
107 0.25 1.74 
25 4107 32.61 93.56 
51 4551 32.39 92.89 
76 4892 NS 32.17 NS 90.70 NS 
SE 
1990 
232 0.32 1.90 
25 3294 30.28 108.63 
51 3191 29.83 108.41 
76 3234 NS 30.78 NS 109.78 NS 
SE 
Combined data 
142 0.36 1.66 
25 3526 30.78 95.75 
51 3730 30.72 96.52 
76 3387 NS 30.70 NS 96.30 NS 
SE 56 0.11 0.60 
^NS = not significant according to the F-test. 
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Cropping system effect 
Cropping system had a highly significant effect for all characters 
measured (a<0.01) except lowest pod height (Table A5). Averaged across row 
spacing and variety, intercropped soybeans yielded only 22% of sole crop 
soybeans (Table 4). These intercrop yields are much lower than those 
reported in other studies. Compared to sole crop yields, Reinbott et al. (1987) 
and Madden (1989) reported intercrop yields of 73 and 80%, respectively. 
The data reported here are similar to intercrop yields reported by McBroom 
et al. (1981), Jeffers and Triplett (1979), and Moomaw and Powell (1990) 
where intercrop yields were 58, 48, and 28% of sole crop yields, respectively. 
In 1990, extremely wet weather delayed winter wheat harvest. This delay 
caused a longer overlap period in which some intercrop soybeans grew tall 
enough to have their upper leaves and nodes clipped during wheat harvest. 
In addition, wet soil conditions caused the combine to bury most soybeans in 
its wheel path with no recovery occurring from the majority of those plants. 
Seed size was significantly larger in sole crop treatments than in 
-1 intercrop treatments (17.39 versus 15.00 eg seed ) (Table 4). Visual 
observations of the plants during reproductive growth showed that 
intercropped plants had less vegetative matter (which would decrease the 
capability of assimilate production). Decreased assimilate production — and a 
subsequent reduction in translocation to seeds ~ probably resulted in the 
smaller seeds being formed. Similar results were reported by Elmore and 
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Table 4. Mean values^ of soybean plant characters as affected by 
cropping system measured during 1990 
Grain Seed Plant Lowest Plant 
yield size height pod height stand 
kg ha eg seed cm No. m 
Cropping system 
Intercrop 874 b 15.00 b 54.04 b 9.41 26.56 b 
Sole crop 4017 a 17.39 a 74.01 a 10.50 NS 38.56 a 
L S D q o s  2 4 1  1 . 2 1  7 . 9 1  — 4 . 8 1  
SE 104 0.52 3.41 0.76 2.08 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
Jackobs (1984) where intercropped soybeans produced smaller seeds than 
sole crops. 
Compared to sole crops, intercropping reduced soybean plant height 
27%, a significant difference (Table 4). These data are consistent with other 
studies conducted in Iowa (Madden, 1989; Sarobol, 1986) and elsewhere 
(McBroom et al., 1981; Duncan, 1990). Reductions in height of intercropped 
soybeans may have resulted from early season competition for resources or 
from clipping or other traffic damage during wheat harvest. Significant 
reductions also occurred in plant populations of intercropped soybeans 
-2 
compared to sole crop (Table 4). The number of plants m was 39 and 27 for 
sole and intercrop treatments, respectively. Reductions in plant population 
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have been documented by other investigators (Elmore and Jackobs, 1984; 
Madden , 1989; and Sarobol, 1986). To compensate for this expected 
reduction, Jeffers and Triplett (1979) suggest increasing intercropped soybean 
seeding rates. 
Significant effects in sole crop systems 
Year effect in sole crop systems Sole soybean plots were 
harvested in each year of the study. These treatments were composed of 
factorial arrangements of the three soybean varieties and row spacings, and 
were used as controls. Combined analysis showed significant year effects on 
all traits measured (a<0.01) (Table A6). Grain yield differed significantly in 
each year of the study and was 1059, 2322, and 4017 for 1988, 1989, and 
1990, respectively (Table 5). Seed size and plant height followed the same 
trend: lowest in 1988, intermediate in 1989, and highest in 1990. The 
amounts of precipitation occurring during the growing season in each year 
was in the same order. These trends show a direct relationship of grain 
yield, seed size, and plant height to precipitation amounts. 
Lowest pod height was determined by measuring the distance from the 
soil surface to the attached end of the lowest pod. This trait was not 
measured in 1988, but was significantly higher in 1989 than in 1990 (Table 
5). In 1989, early season water stress may have caused senescence of lower 
leaves in order to supply younger, actively growing leaves. The absence of 
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Table 5. Mean values^ of sole crop soybean plant characters as afifected 
by year measured during 1988, 1989, and 1990 
Grain 
yield 
Seed 
size 
Plant 
height 
Lowest 
pod height 
Plant 
stand 
kg ha ^ eg seed ^ •cm XT -2 No. m 
Year 
1988 1059 c 14.00 c 41.29 c b 39.11 a 
1989 2322 b 16.65 b 54.59 b 11.34 a 29.28 b 
1990 4017 a 17.39 a 74.01 a 9.41b 38.56 a 
^®^0.05 196 0.40 4.42 1.26 5.43 
SE 69 0.14 1.55 0.53 1.91 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
^Lowest pod height was not measured in 1988. 
leaves at the lower nodes would result in no pods being set at those nodes. 
In 1990, adequate rainfall throughout the growing season likely caused 
retention of leaves at lower nodes and thus pods were set lower on the 
plants. 
-2 Plant stand - measured as number of plants m ~ was significantly 
greater in 1988 and 1990 than in 1989 (Table 5). In 1989, heavy rains 
between planting and emergence caused soil crusting and resulted in fewer 
plants emerging. 
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Soybean variety effect in sole crop systems For all three years 
and the combined data, soybean variety had a significant effect on yield and 
seed size (a<0.01) (Table A6). Variety had a significant effect on height 
(a<0.01) in 1988, 1990, and for the combined data; on lowest pod height 
(a<0,01) in 1989; and on plant stands in 1990 (a<0.01) and for the combined 
data (a<0.05) (Table A6). 
Pella 86 and Hoyt (averaged over the three years) yielded 2719 and 
-1 2509 kg ha , respectively (Table 6). These yields were not significantly 
different from each other, but both were significantly greater than A75-D29 
-1 
which yielded 2170 kg ha . In seed size, the three varieties differed 
-1 
significantly from each other and were 19.0, 15.3, and 13.7 eg seed for Pella 
86, A75-D29, and Hoyt, respectively (Table 6). 
In 1988 and 1990, Pella 86 was significantly taller than A75-D29 
which was significantly taller than Hoyt (Table 6). In 1989 however, variety 
did not significantly affect plant height according to the F-test (Table A6). 
For the combined data, Pella 86 and A75-D29 were significantly taller than 
Hoyt. Significant differences in lowest pod height occurred only in 1989 
when Pella 86 and Hoyt set lowest pods higher than A75-D29. The better 
performance of Pella 86 (relative to the other two varieties) is probably due to 
the fact that it is adapted to central Iowa. This indeterminate variety has 
proven to be a tall, high yielding, large seeded cultivar. 
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Table 6. Mean values^ of sole soybean plant characters as afifected by 
variety measured during 1988, 1989, 1990, and for the combined 
data 
Variety Grain 
yield 
Seed 
size 
Plant 
height 
Lowest 
pod height 
Plant 
stand 
kg ha ^ eg seed ^ cm 
-2 No. m 
1988 
A75-D29 908 b 12.00 b 43.89 b 
b 36.82 
Hoyt 820 b 12.61 b 27.18 c 42.96 
Pella 86 1448 a 17.39 a 52.80 a 37.54 NS 
LSDo.05 295 0.78 8.50 
SE 99 0.26 2.83 4.68 
1989 
A75-D29 1861 b 16.00 b 54.91 8.78 b 28.21 
Hoyt 2692 a 14.33 c 52.36 11.62 a 30.89 
Pella 86 2413 a 19.61 a 56.51 NS 13.62 a 28.74 NS 
LSDoos 369 0.51 2.37 
SE 123 0.17 1.72 0.79 2.23 
1990 
A75-D29 3740 b 17.89 b 77.82 b 10.04 38.11 b 
Hoyt 4014 ab 14.17 c 55.93 c 8.04 47.44 a 
Pella 86 4296 a 20.11 a 88.27 a 10.13 NS 30.13 c 
LSDo.05 402 0.83 9.83 7.29 
SE 134 0.28 3.28 0.72 2.43 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS=not significant according to the F-test. 
^Lowest pod height was not measured in 1988. 
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Table 6. (Continued) 
Variety Grain 
yield 
Seed 
size 
Plant 
height 
Lowest 
pod height 
Plant 
stand 
kg ha ^  eg seed ^ --cm 
-2 
No. m 
Combined 
A75-D29 2170 b 15.30 b 58.87 a 9.41 34.38 b 
Hoyt 2509 a 13.70 c 45.16 b 9.83 40.43 a 
Pella 86 2719 a 19.04 a 65.86 a 11.88 NS 32.14 b 
LSDoos 313 1.04 7.87 5.79 
SE 104 0.35 2.62 0.77 1.93 
Significant differences in plant stands were caused by variety; 
however, the varieties were seeded at different rates: Ix, 1.25%, and 1.5% for 
-1 Pella 86, A75-D29, and Hoyt, respectively (x = 516,450 seeds ha ). These 
rates were used to obtain the maximum yield potential for each stem 
termination type (Richard Cooper, 1988, personal communication). In spite 
of different seeding rates, the final plant stands were not significantly 
different in 1988 or 1989 (Table A6). During these dry years, inter- and 
intrarow competition might have reduced plant population to essentially the 
same density as only a certain number of plants could survive in a given land 
area. In 1990, when growing conditions were more favorable, final plant 
stands more accurately reflected seeding rates and were 47, 38, and 30 plants 
-2 
m for Hoyt, A75-D29, and Pella 86, respectively (Table 6). For the 
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-2 
combined data, the 40 plants for Hoyt were significantly higher than 34 for 
-2 A75-D29 and 32 plants m for Pella 86. 
Soybean row spacing effect in sole crop systems Soybean row 
spacing had no effect on plant height, lowest pod height, or plant stands in 
the sole crop treatments (Table A6). For the combined data, soybean row 
spacing had a significant effect only for grain yield and seed size (a<0.01) 
(Table A6). In all three years, the highest yields were produced in 25 cm row 
spacings (Table 7). In 1989, 1990, and for the combined data, soybeans in 25 
cm rows yielded significantly more than those in either 51 or 76 cm rows. 
These data agree with preyious studies where soybeans grown in narrow 
rows yield more than when grown in wider row spacings (Cooper, 1977; 
Spilde et al., 1980). 
Row spacing had a significant effect on seed size in 1989 (a<0.05) 
(Table 7). In that year, which receiyed below normal rainfall, seed size 
decreased directly with row spacing. Although not significant, the same 
trend occurred in 1988. These data are in agreement with those of Alessi 
and Power (1982) where intrarow competition among plants is increased with 
narrower rows. Such competition would result in a smaller amount of water 
being allocated to indiyidual plants in dry years. The end result of the 
reduced water ayailability would be a reduction in the number and size of 
seeds per plant. 
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Table 7. Mean values^ of sole soybean plant characters as affected by 
row spacing measured during 1988, 1989, 1990, and for 
combined data 
Row 
spacing 
Grain 
yield 
Seed 
size 
Plant 
height 
Lowest 
pod height 
Plant 
stand 
cm kg ha 
-1 
eg seed ^ cm TVT No. m 
1988 
25 1201 13.89 39.56 b 47.34 
51 910 14.00 41.20 35.39 
76 1065 NS 14.11 NS 43.11 NS 34.59 NS 
SE 99 0.26 2.83 4.68 
1989 
25 2873 a 16.39 b 52.76 10.56 28.98 
51 2027 b 16.56 ab 53.29 10.98 29.41 
76 2067 b 17.00 a 57.73 NS 12.49 NS 29.46 NS 
LSDQ05 369 0.51 
SE 123 0.17 1.72 0.79 4.68 
1990 
25 4445 a 17.78 73.40 9.51 41.32 
51 3833 b 17.28 76.24 9.11 38.06 
76 3772 b 17.11 NS 72.38 NS 9.60 NS 36.30 NS 
^SDo.05 402 0.83 9.83 2.16 7.29 
SE 134 0.28 3.28 0.72 2.43 
'Means followed by the same letter are not significantly different according to the LSD test 
a=0.05). NS=not significant according to the F-test. 
Lowest pod height was not measured in 1988. 
Table 7. (Continued) 
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Row 
spacing 
Grain 
yield 
Seed 
size 
Plant 
height 
Lowest 
pod height 
Plant 
stand 
kg ha ^ eg seed ^ cm 
-2 
No. m 
Combined 
25 2840 a 16.02 a 55.24 10.03 39.21 
51 2256 b 15.94 a 56.91 10.04 33.70 
76 2301 b 16.07 a 55.24 NS 11.04 NS 34.04 NS 
LSDO.ob 313 1.01 
SE 104 0.35 2.62 0.77 1.93 
Significant effects in intercrop systems 
Intercrop soybean plots suffered severe drought stress and died during 
vegetative growth in 1988 and 1989. Therefore, intercrop results are 
reported for 1990 only. Soybean variety had a significant effect on yield 
(a<0.05), seed size (a<0.01), and plant height (a<0.01) (Table A7). Neither 
soybean row spacing nor the interaction of variety and row spacing had a 
significant effect on any of the traits measured. 
Sovbean varietv effect in intercrop systems Soybean variety 
significantly affected soybean yield (a<0.01) (Table A7) as Pella 86 produced 
higher yields than A75-D29 or Hoyt (Table 8). Averaged across the three row 
-1  
spacings, Pella 86 yielded 1057 kg ha , which was significantly more than 
-1  -1  A75-D29 (797 kg ha ) and Hoyt (769 kg ha ). Seed size followed the same 
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Table 8. Mean values^ of soybean plant characters as affected by variety 
in intercrop and sole crop systems measured during 1990 
Variety Grain Seed Plant Lowest Plant 
yield size height pod height stand 
kg ha ^ eg seed ^ -cm 
„ -2 No. m 
Intercrop 
A75-D29 797 b 15.17 b 51.60 b 12.16 28.79 
Hoyt 769 b 13.11 c 46.00 b 8.40 28.83 
Pella 86 1057 a 16.72 a 64.51 a 10.93 NS 22.05 NS 
^^^0.05 219 0.46 9.30 
SE 73 0.15 3.10 1.24 2.27 
Sole crop 
A75-D29 3740 b 17.89 b 77.82 b 10.04 38.11 b 
Hoyt 4014 ab 14.17 c 55.93 c 8.04 47.44 a 
Pella 86 .4296 a 20.11 a 88.27 a 10.13 NS 30.13 c 
^®^0.05 402 0.83 9.83 7.29 
SE 134 0.28 3.28 0.72 2.43 
Combined 
A75-D29 2268 b 16.53 b 64.71 b 11.10 a 33.45 a 
Hoyt 2392 b 13.64 c 50.97 c 8.52 b 38.14 a 
Pella 86 2676 a 18.42 a 76.39 a 10.53 a 26.09 b 
^^^0.05 244 0.48 6.36 2.06 5.10 
SE 85 0.17 2.21 0.72 1.78 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS=not significant according to the F-test. 
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-1 pattern as seed yield and was 16.7, 15.2, and 13.1 eg seed for Pella 86, A75-
D29, and Hoyt, respectively (Table 8). Each variety differed significantly 
from the other in seed size. 
Previous studies have indicated that soybean varieties having a 
greater capacity for and duration of vegetative growth (e.g. full-season or 
indeterminate) after small grain harvest yield better in intercrop systems. 
McBroom et al. (1981) showed that later maturing Group III cultivars 
performed better than Group II cultivars in Illinois. Jefifers and Triplett 
(1979) reported that late season varieties in Maturity Groups III and IV 
produced higher yields than earlier maturing varieties in Ohio. In Iowa, 
Pella 86 (a relatively tall cultivar with an indeterminate growth habit) 
showed a tendency to produce higher yields in intercropping systems 
(Madden, 1989). 
In each of the above-mentioned studies, those genotypes producing the 
most dry matter (i.e. leaves, stems, branches) also produced the greatest seed 
yield. In the data reported here, the same phenomenon was evidenced. Pella 
86 was the tallest of the three varieties, growing to an average height of 65 
cm (Table 8). This height was significantly taller than that of A75-D29 or 
Hoyt which was 52 and 46 cm, respectively. With an indeterminate growth 
habit, Pella 86 has the ability to resume vegetative growth after flowering 
has begun, thus allowing it to grow to greater heights and accumulate more 
plant dry matter. This ability is especially important in intercropping since 
46 
flowering has usually begun (or is very close to beginning) by small grain 
harvest. 
Soybean row spacing effect in intercrop systems Soybean row 
spacing had a significant effect on grain yield and seed size of intercropped 
soybeans (a<0.05) (Table A7) as both characters increased as row spacings 
-1 
were narrowed. Soybeans yielded 1022, 837, and 764 kg ha in 25, 51, and 
76 cm spacings, respectively (Table 9). Seed sizes for the 25, 51, and 76 cm 
-1 
spacings were 15.3, 15.0, and 14.7 eg seed , respectively. The 25 cm spacing 
differed significantly from the 76 cm spacing, but not from the 51 cm spacing 
for both traits. The 51 and 76 cm spacings were not significantly different 
from each other. 
Chan et al. (1980) showed a general decrease in intercropped soybean 
yields as row spacings were narrowed. In that study though, moisture stress 
was encountered and studies have shown that narrow row spacings are a 
disadvantage in drought conditions (Alessi and Power, 1982). In other 
intercropping studies, narrow rows yielded more than wider rows (Madden, 
1989; Reinbott, et al., 1987). The fact that narrow rows can achieve canopy 
closure sooner apparently gives them the advantage. A closed canopy would 
utilize incoming radiation more efficiently, thus resulting in the greater 
yields and seed sizes in the narrow rows. 
Interaction of cropping system with variety or row spacing effect A 
combined analysis of variance (with both sole and intercrop systems included) 
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Table 9. Mean values^ of soybean plant characters as affected by row 
spacing in intercrop and sole crop systems measured during 
1990 
Row Grain Seed Plant Lowest Plant 
spacing yield size height pod height stand 
cm kg ha ^ eg seed cm XT -2 No. m 
Intercrop 
25 1022 a 15.28 a 51.27 9.42 26.40 
51 837 ab 15.00 ab 58.31 10.09 26.40 
76 764 b 14.72 b 52.53 NS 11.98 NS 26.87 NS 
^SDo,o5 219 0.45 
SE 73 0.15 3.10 1.24 2.27 
Sole crop 
25 4445 a 17.78 76.24 9.60 41.32 
51 3833 b 17.28 73.40 9.51 38.06 
76 3772 b 17.11 NS 72.38 NS 9.11 NS 36.30 NS 
^®^0.05 402 
SE 134 0.28 3.28 0.72 2.43 
Combined 
25 2734 a 16.53 a 62.33 9.47 33.86 
51 2335 b 16.14 ab 67.28 9.60 32.47 
76 2268 b 15.92 b 62.46 NS 10.79 NS 31.35 NS 
^®^0.05 244 0.48 
SE 85 0.17 2.21 0.72 1.78 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS=not significant according to the F-test. 
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was conducted to determine if any significant interactions occurred between 
cropping system and soybean variety or row spacing. Results showed a 
significant interaction between cropping system and variety for seed size 
(a<0.01) and plant height (a<0.05) (Table A8). 
Data show that the seed size of Hoyt is reduced less by intercropping 
than that of A75-D29 or Pella 86 (Table 8). This fact is more easily seen 
when the data are plotted on a graph (Figure 1). In figure 1, the reductions 
in seed sizes firom sole to intercrop systems are 15, 7, and 17% for A75-D29, 
Hoyt, and Pella 86, respectively. Soybean seed size is highly correlated with 
seed growth rate as genotypes producing larger seeds typically have a higher 
rate of dry matter accumulation during seed fill (Egli et al., 1978). Any loss 
in the ability to produce photosynthate - like that caused by intercropping ~ 
would result in a greater overall reduction for larger-seeded genotypes. In 
sole crop systems, Hoyt produces the smallest seed. Therefore, the reduction 
in seed size caused by intercropping did not reduce the weight of Hoyt seeds 
as much as it did for Pella 86 or A75-D29. 
A significant interaction between cropping system and variety also 
occurred for plant height (a<0.05) (Table A8). The reduction in the height of 
Hoyt soybeans in the intercrop system (relative to sole crop systems) was less 
than that for Pella 86 or A75-D29 (Table 8). Compared to sole crop systems, 
intercropping decreased the height of A75-D29, Hoyt, and Pella 86 by 33, 18, 
and 27%, respectively (Figure 2). Since the length of the growing season was 
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Soybean Variety 
mil A75-D29 Hoyt •• Pella 86 
251  
Sole Intercrop 
Cropping System 
Figure 1. Interaction of soybean variety and cropping system on seed size 
measured during 1990 
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Soybean Variety 
A75-D29 WÊÊ Hoyt BB Pella 86 
Sole Intercrop 
Cropping System 
Figure 2. Interaction of soybean variety and cropping system on plant 
height measured during 1990 
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essentially the same for the three varieties, Hoyt obviously grew at a slower 
rate than the other two. Therefore, any stress caused by intercropping 
resulted in less overall reduction in height. 
For soybean yield, the interactions between cropping system and 
soybean variety and row spacing were not significant (Table A8). Varieties 
ranked essentially the same for seed yield in intercrop systems as they did in 
sole crop systems: Pella 86 significantly greater than Hoyt and A75-D29 
(Table 8). Likewise, row spacings producing the highest yields as sole crops 
also produced the highest yields in intercrop systems: 25 cm greater than 51 
and 76 cm. Nonsignificant interactions between cropping system and variety 
and between cropping system and row spacing on seed yield are shown in 
Figures 3 and 4, respectively. In both figures, the differences between 
cropping systems are very large; but, the yields of varieties and row spacings 
within a given cropping system are essentially the same. These data 
disagree with those of Chan et al. (1980) where significant interactions 
between cropping system and variety for both seed yield and plant height 
were reported in one year. In that year, both the determinate Elf variety and 
the indeterminate Williams variety were at the R1 growth stage (according to 
Fehr and Caviness, 1977) at oat harvest. Williams soybeans continued to 
grow after oat harvest whereas Elf did not, thus resulting in a significant 
interaction. The data reported here are consistent with those of McBroom et 
al. (1981) where the researchers emphasized that any cultivar by cropping 
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Soybean Variety 
•l A75-D29 WÊÊ Hoyt •! Pella 86 
sz 
Sole Intercrop 
Cropping System 
Figure 3. Interaction of soybean variety and cropping system on grain 
yield measured during 1990 
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Soybean Row Spacing 
llllllllllll 25 cm HI 51 cm I###! 76 cm 
Sole Intercrop 
Cropping System 
Figure 4. Interaction of soybean row spacing and cropping system on grain 
yield measured during 1990 
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system interaction that might occur is probably very small and insignificant. 
McBroom et al. (1981) fiarther suggest that any variety that produced 
superior yields in a relay intercropping system would likely already be 
included in a sole crop system. 
Land Equivalent Ratio (LER) 
The LER is the most commonly used agronomic comparison for 
multiple cropping systems. LER's express the relative amount of land 
required as sole crops to produce the same yield as intercrops. They are thus 
calculated as the sum of relative yields (intercrop yield / sole crop yield) of all 
species in the intercrop. For these data, LER's were calculated as the sum of 
the soybean component (Lg) plus the wheat component (L^). Mead (1986) 
emphasized the importance of using a common sole crop divisor in calculating 
LER values. Therefore, the overall sole crop wheat and soybean yields (4017 
-1  
and 3355 kg ha , respectively) were used as divisors. An analysis of 
variance was conducted for Lg, L^, and total LER for the intercrop 
treatments. 
Soybean row spacing did not significantly affect Lg, L^, or LER (Table 
A9). A trend was seen though where Lg increased as row spacing decreased 
(Table 10). This trend caused a similar increase in LER as row spacings 
were narrowed (Figure 5). 
55 
Table 10. Mean values^ of the soybean component (Lg), the wheat 
component (L™), and the land equivalent ratio (LER) as affected 
by variety and row spacing measured during 1990 
Ls Lw LER 
Soybean variety 
A75-D29 0.20 b 0.91 1.11 
Hoyt 0.19 b 1.01 1.20 
Pella 86 0.26 a 0.97 NS 1.23 NS 
^^^0.05 0.05 
SE 0.02 0.04 0.04 
Row spacing 
25 0.25 0.98 1.24 
51 0.21 0.95 1.16 
76 0.19 NS 0.96 NS 1.15 NS 
SE 0.02 0.04 0.04 
^Means followed by the same letter are not significantly different according to the LSD test. 
NS=not significant according to the F-test. 
Soybean varietv effect 
According to the F-test, significant effects (a<0.05) were caused only by 
soybean variety on Lg (Table A9). In comparing the mean Lg values for the 
three varieties, results showed that Pella 86 contributed significantly more to 
LER than did A75-D29 or Hoyt (Table 10). Lg values for Pella 86, A75-
D29,and Hoyt were 0.26, 0.20, and 0.19, respectively. These values followed 
the same trend as the intercrop soybean yields. However, no significant 
differences occurred for L^ or total LER among the three varieties. L^ 
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LS Lw 
1.4 
1.2 
1 
0.8 
0.6 
0.4 
0.2 
0 
1.23 
-xvxvi-sr-x-x^/x: 
25 cm 51 cm 76 cm 
Soybean Row Spacing 
Figure 5. Soybean row spacing effect on the soybean component (LA the 
wheat component (L^), and total land equivalent ratio (KER) 
measured during 1990 
57 
Ls Lw 
1.4 -
A75-D29 Hoyt Pel la 86 
Soybean variety 
Figure 6. Soybean variety effect on the soybean component (Lg), the 
wheat component (L^), and total land equivalent ratio (LER) 
measured during 1990 
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comprised most of the LER, so the significant effect of soybean variety on Lg 
did not impact the total LER (Figure 6). 
Although the actual values of the small grain component, the soybean 
component, and total LER were lower than the average of other studies 
conducted in Iowa (Madden, 1989; Sarobol, 1986), similar trends were seen. 
Tall, indeterminate genotypes grown in narrow rows contribute more to Lg 
and LER than semideterminate or determinate cultivars grown in wider 
rows. 
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SUMMARY AND CONCLUSIONS 
A three year study was conducted to evaluate three soybean varieties 
planted at three different row spacings in a relay intercropping system with 
hard red winter wheat. Sole plots of each soybean variety at each row 
spacing were used as controls. Winter wheat was also grown in sole plots for 
comparison. Grain yield, seed size, and plant height were measured for both 
-2 
crops with lowest pod height and plants m determined only for soybeans. 
Variable precipitation amounts during the three years of the study 
caused large differences in the traits measured. The first two growing 
seasons (1988 and 1989) were very dry whereas the season in 1990 was 
extremely wet. Intercropped soybeans could not survive the drought 
conditions during 1988 and 1989 but did grow to maturity in 1990. For all 
characters measured in both the wheat and soybean, significant differences 
-1 
occurred among the three years. The greatest wheat yield (4592 kg ha ) 
was produced in 1989 and was 22 and 29% greater than in 1988 and 1990, 
respectively. Wheat and soybean heights followed the same trend as annual 
precipitation amounts and were highest in 1990, intermediate in 1989, and 
lowest in 1988. Among the sole crop soybeans, the highest yields (4017 kg 
-1 ha ) were harvested in 1990 and were 42 and 74% greater than 1989 and 
1988, respectively. 
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Generally, wheat was not affected by intercropping. In the 
intercropped treatments, neither soybean variety nor row spacing had a 
significant effect on any of the wheat characters measured. Sole wheat 
yielded significantly more than intercropped wheat in only the first year. In 
that year, severe mechanical damage occurred during the interseeding of the 
soybeans and caused most of the yield reduction. This damage apparently 
injured vegetative structures as intercropped kernel weight was also 
significantly less than that of sole crop kernels. In 1989 and 1990, when less 
mechanical damage occurred, grain yields of intercrop and sole crop wheat 
were essentially the same. Any loss in kernel number caused by 
intercropping must have been countered by an increase in kernel weight so 
that the overall yield was not reduced. Intercropping also caused a slight 
reduction (3%) in wheat height. 
In interseeding operations where mechanical damage can be 
minimized, near normal wheat yields would be expected in relay 
intercropping systems. In commercial operations where larger equipment 
(for both planting and harvesting) is used, mechanical damage would be 
much less. 
Soybean performance was greatly diminished in relay intercropping 
systems with yields being reduced by 78%. Reductions occurred in both the 
-2 
average number of plants m (31%) and seed size (14%) in intercropped 
treatments. Soybeans growing along with the wheat were extremely 
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etiolated during early vegetative growth; however, they were 27% shorter 
than sole crop soybeans at maturity. 
Selection of soybean varieties was based on stem termination type: 
A75-D29 (semideterminate), Hoyt (determinate), and Pella 86 
(indeterminate). Given the fact that stem termination type determines the 
extent to which vegetative growth occurs after reproductive growth has 
begun, the three varieties differed in plant heights in the intercropped 
treatments. Pella 86 was the tallest, A75-D29 intermediate, and Hoyt the 
shortest. The varieties ranked the same in final seed yield with the 
indeterminate yielding significantly more than (approximately 25%) than the 
semideterminate or determinate variety. The ability to continue vegetative 
growth after flowering has begun is crucial to the success of intercropping 
since soybean blooming is usually about to begin when wheat is harvested. 
The additional vegetative material increases the yield potential of 
intercropped soybeans. 
In sole crop systems, the three varieties ranked essentially the same in 
seed yield as they did in intercrop systems. Consequently, no interaction 
occurred between cropping system and variety for grain yield. In sole crop 
systems, the three varieties differed greatly in seed size and plant height: 
Pella 86 being the greatest, A75-D29 intermediate, and Hoyt the lowest. 
Since plant height and seed size are directly related to rate of development, 
stress caused by intercropping resulted in greater overall reductions for A75-
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D29 and Pella 86 for these two traits. As a result, an interaction between 
cropping system and variety occurred where the seed size and plant height of 
Hoyt was not reduced as much as the other two varieties. 
Soybean row spacings were 25, 51, and 76 cm and resulted in soybeans 
being planted between every one, two, or three wheat rows, respectively. 
Soybean yield and seed size increased as row spacings were narrowed. The 
same relationship occurred in sole crop treatments so that no interaction 
occurred between cropping system and row spacing. 
The combined agronomic productivity of the soybean and wheat was 
greater than either would have been alone in 1990. Averaged across all row 
spacings and varieties, the land equivalent ratio (LER) was 1.18, indicating 
that 18% more land would be required to produce the same total yield as sole 
crops. The majority of the LER (0.96) was contributed by the wheat 
component (L^) with the soybean component (Lg) accounting for the 
remainder. Soybean variety significantly affected Lg with Pella 86 
contributing 30 and 35% more than A75-D29 or Hoyt, respectively. However, 
neither L^ or total LER was affected by any of the variables. 
LER does not evaluate economic efficiency of intercropping. Before 
this system can be recommended commercially, some consideration must be 
given to profitability. With intercropping, the producer must be willing to 
assume more risk as success heavily depends on weather patterns. 
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Table Al. Dates of planting and harvesting of sole crop and relay intercrop 
winter wheat and soybean for the 1988, 1989, and 1990 
experiments 
Winter Wheat Soybean 
Year* 
Planting 
date 
Harvest 
date 
Planting 
date 
Harvest 
date 
1988 9-25-87 7-7-88 5-20/21-88 10-11-88^ 
1989 9-29-88 7-12-89 5-22-89 10-14-89 
1990 9-28-89 7-18/20-90^ 5-31-90 10-13/15-90^ 
^Indicates year in which the experiments were harvested. 
^Intercropped soybean plots were not harvested in 1988 or 1989. 
^Rainfall occurred shortly after harvesting the second replication on 18 July, 1990; therefore, 
the third replication was harvested on 20 July, 1990. 
^Equipment failure occurred after harvesting the first replication on 13 Oct., 1990; therefore 
the second and third replications were harvested on 15 Oct., 1990. 
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Table A2. Total monthly precipitation (P) and departures from 30 year 
average (Dep) for 1988, 1989, and 1990 at Ames, Iowa 
30 1988 1989 1990 
Month Average P Dep P Dep P Dep 
mm 
Jan 18.8 9.4 -9.40 28.4 9.60 18.3 -0.50 
Feb 24.1 5.3 -18.80 7.6 -16.50 10.9 -13.20 
Mar 52.6 9.7 -42.90 18.5 -34.10 2.0 -50.60 
Apr 86.4 43.7 -42.70 65.5 -20.90 50.8 -35.60 
May 111.0 44.5 -66.50 105.7 -5.30 217.4 106.40 
Jun 129.8 53.1 -76.70 88.6 -41.20 210.1 80.30 
Jul 87.6 86.1 -1.50 61.7 -25.90 195.6 108.00 
Aug 98.8 154.2 55.40 44.0 -54.80 109.0 10.20 
Sep 81.5 83.6 2.10 81.3 -0.20 57.2 -24.30 
Oct 58.7 6.9 -51.80 73.7 15.00 46.7 -12.00 
Nov 33.8 49.0 15.20 2.8 -31.00 39.4 5.60 
Dec 21.8 19.6 -2.20 3.3 -18.50 47.8 26.00 
Totals 804.90 565.10 -239.80 581.10 -223.80 1,005.20 200.30 
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Table A3. Mean squares from the analysis of variance of winter wheat 
plant characters for different cropping systems (CS) measured 
during 1988, 1989, 1990, and for combined data 
Source of variation df Grain yield Kernel weight Plant height 
1988 
Rep 
CS 
Error 
C.V. (%) 
1989 
Rep 
CS 
Error 
C.V. (%) 
1990 
Rep 
CS 
Error 
C.V.(%) 
Combined data 
Year 
Rep (Yr) 
CS 
Yr * CS (Error) 
Residual 
C.V. (%) 
kg ha ^ (x 10 ) 
2 143.689 
1 5640.782** 
32 125.808 
9.45 
2 842.685 
1 610.419 
32 483.437 
15.14 
2 38.514 
1 89.502 
32 148.463 
11.79 
2 17357.862** 
6 341.629 
1 3980.147 
2 1180.277 
96 252.569 
13.19 
mg seed -1 
0.19 
2.84* 
0.65 
2.72 
1.90 
13.02** 
0.98 
3.09 
35.72** 
4.28 
1.26 
3.72 
57.18** 
12.60** 
5.32 
7.41 
0.96 
3.21 
cm 
82.59 
20.46 
32.11(26) 
6.47 
183.51** 
152.13* 
32.08(26) 
6.08 
10.50 
0.99 
22.33(26) 
4.34 
3677.16** 
92.20** 
83.89 
44.85 
28.84(78) 
5.56 
a 
*,** = significant at the 0 
a 
05 and 0.01 levels of probability, respectively, 
error degrees of freedom for wheat plant height measurements. 
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Table A4. Mean squares from the analysis of variance of winter wheat 
plant characters in the relay intercropping system measured 
during 1988, 1989, 1990, and for combined data 
Source of variation df Grain yield Kernel weight Plant height 
-1, . ^ 3, TT 
1988 
kg ha (x 10 ) mg seed cm 
Rep 2 142.324 0.06 50.08 
Variety (V) 2 281.275 1.04 6.55 
Spacing (S) 2 180.432 1.40 31.92 
V * S 4 140.902 0.59 65.82 
Error 16 102.410 0.55 27.31 
C.V. (%) 9.59 2.52 5.99 
1989 
Rep 2 1519.559 1.08 208.21** 
Variety (V) 2 170.306 1.08 15.13 
Spacing (S) 2 1396.162 0.44 20.03 
V * S 4 366.770 1.40 44.78 
Error 16 485.738 0.90 32.33 
C.V. (%) 15.43 2.92 6.15 
1990 
Rep 2 22.160 27.84** 16.60 
Variety (V) 2 280.178 2.51 6.73 
Spacing (S) 2 24.145 2.01 4.87 
V * S 4 43.901 2.40 34.09 
Error 16 181.987 1.14 24.87 
C.V.(%) 13.17 3.53 4.58 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
Table A4. (Continued) 
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Source of variation df Grain yield Kernel weight Plant height 
kg ha ^ (x 10^) mg seed ^ cm 
Combined data 
Year 2 13642.493** 59.50** 3469.40** 
Rep (Year) 6 561.348 9.66 91.63** 
Variety (V) 2 16.878 0.31 12.69 
Spacing (S) 2 673.270 0.04 4.19 
V * S  4 126.927 1.54 3.53 
Year * V * S (error) 16 312.268 1.73 43.83 
Residual 48 256.440 0.86 28.17 
C.V. (%) 13.19 3.21 5.52 
72 
Table A5. Mean squares from the analysis of variance of soybean plant 
characters as affected by cropping system (CS) measured during 
1990 
Source of df Grain yield Seed size Plant Lowest Plant stand 
variation height pod height 
1990 
Rep 
CS 
Error 
C.V. (%) 
2 
1 
50 
kg ha ^ (x 10 ) eg seed 
439.826* 
133328.469** 
193.769 
18.00 
-cm-
0.50 211.42 
77.04** 5384.01** 
4.90 209.14 
13.67 22.59 
0.32 
16.01 
10.29 
32.23 
~ ^  No. m 
16.85 
1944.85** 
77.54 
27.05 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table A6. Mean squares from the analysis of variance of sole crop soybean 
plant characters measured during 1988, 1989, 1990, and for 
combined data 
Source of 
variation 
df Grain yield Seed 
size 
Plant 
height 
Lowest 
pod height 
Plant 
stand 
kghao^ 
(x lO"") seed 
-cm XT No. m 
1988 
Rep 2 1321.797** 0.19 535.92** a 469.13 
Variety (V) 2 1039.638** 78.36**1522.75** 101.32 
Spacing (S) 2 191.951 0.11 28.50 459.24 
V * S  4 54.672 0.35 69.04 161.17 
Error 16 87.382 0.61 72.33 197.15 
C.V. (%) 27.92 5.58 20.60 35.91 
1989 
Rep 2 613.253* 1.01* 24.85 1.80 171.77* 
Variety (V) 2 1610.046** 65.51** 39.54 53.34** 18.12 
Spacing (S) 2 2053.899** 0.90* 67.22 9.30 0.62 
V * S  4 184.323 0.11 42.91 1.04 17.81 
Error 16 136.698 0.26 26.65 5.62 44.77 
C.V. (%) 15.92 3.06 9.46 20.90 22.85 
1990 
Rep 2 20.131 1.58 199.69 4.31 75.54 
Variety (V) 2 696.156* 81.19**2450.48** 12.56 675.57** 
Spacing (S) 2 1245.862** 1.08 36.13 0.61 58.37 
V * S  4 59.829 0.69 88.86 3.82 8.34 
Error 16 162.187 0.70 96.75 4.68 53.25 
C.V. (%) 10.03 4.80 13.29 22.99 18.92 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^Lowest pod height was not measured in 1988. 
Table A6. (Continued) 
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Source of df Grain yield Seed Plant Lowest Plant 
variation size height pod height stand 
kgh^^ cg-l -cm cm 
(x lO"") seed 
Combined data 
Year 2 59448.076** 85.71** 7309.91** 50.46**(1)^ 822.94** 
Rep (Year) 6 651.727** 0.93 253.49** 3.05 (4) 238.81* 
Variety (V) 2 2074.438** 202.38** 2995.35** 31.33 496.80* 
Spacing (S) 6 2846.224** 0.11** 43.92 6.07 257.91 
<
 
*
 
CO
 
4 81.669 0.51 10.21 2.74 63.95 
Year * V * S (Error) 16 293.900 3.24 185.52 10.67 (8) 100.66 
Residual 48 128.755 0.52 65.24 5.15 (32) 98.39 
C.V. (%) 14.55 4.52 14.26 21.87 27.82 
Since lowest pod height was only measured in 1989 and 1990, numbers in parentheses 
represent degrees of freedom for those years. 
75 
Table A7. Mean squares from the analysis of variance of intercrop and sole 
crop soybean plant characters measured during 1990 
Source of 
variation 
df Grain yield Seed 
size 
Plant 
height 
Lowest 
pod 
height 
Plant 
stand 
kghal^ 
(x 10 ) seed 
cm- vr No. m 
Intercrop 
Rep 2 944.023** 0.83 43.20 4.22 109.53 
Variety (V) 2 226.253* 29.53** 811.08** 33.02 137.36 
Spacing (S) 2 158.976* 0.69* 126.92 15.81 0.69 
V * S  4 95.748 0.14 64.03 15.19 42.40 
Error 16 48.000 0.21 86.58 13.95 46.36 
C.V. (%) 25.06 3.04 17.22 35.58 25.64 
Sole crop 
Rep 2 20.131 1.58 199.69 4.31 75.54 
Variety (V) 2 696.156* 81.19** 2450.48** 12.56 675.57** 
Spacing (S) 2 1245.862** 1.08 36.13 0.61 58.37 
V * S  4 59.829 0.69 88.86 3.82 8.34 
Error 16 162.187 0.70 96.75 4.68 53.25 
C.V. (%) 10.03 4.80 13.29 22.99 18.92 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table A8. Mean squares from the combined (sole crop and intercrop) 
analysis of variance for soybean plant characters measured 
during 1990 
Source of 
variation 
df Grain yield Seed size Plant 
height 
Lowest 
pod height 
Plant stand 
kg ha ^ (x 10^) eg seed ^ -cm •\T No. m 
1990 
Rep 2 439.826* 0.50 211.42 0.32 16.85 
CS^ 1 133328.469* 77.04** 5384.01** 16.01 1944.85** 
Variety (V) 2 787.387** 104.22** 2914.71** 41.83* 664.22** 
Spacing (S) 2 1138.962** 1.72* 143.15 9.54 28.47 
cs *v 2 135.022 6.50** 346.85* 3.75 148.71 
cs *s 2 265.875 0.06 19.90 6.89 30.59 
v * s  4 57.063 0.22 53.54 9.30 25.57 
cs * V » s 4 98.515 0.62 99.34 9.71 25.17 
Error 34 129.754 0.50 88.12 9.25 56.77 
C.V. (%) 14.72 4.34 14.66 30.56 23.14 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^CS = cropping system. 
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Table A9. Mean squares from the analysis of variance of the soybean 
component (Lg), the wheat component (L^), and the land 
equivalent ratio (LER) measured during 1990 
Source of variation df Ls Lw LER 
Rep 2 0.0585** 0.0020 0.0497 
Variety (V) 2 0.0140* 0.0249 0.0400 
Spacing (S) 2 0.0099 0.0021 0.0190 
V * S  4 0.0059 0.0039 0.0028 
Error 16 0.0030 0.0162 0.0173 
C.V. (%) 25.06 13.17 11.13 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
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PART IL EFFECT OF SOYBEAN VARIETY AND ROW SPACING 
ON SOIL MOISTURE USAGE AND LIGHT 
INTERCEPTION IN A RELAY INTERCROPPING 
SYSTEM WITH WINTER WHEAT 
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LITERATURE REVIEW 
Adequate soil moisture and solar radiation are two vital necessities for 
plant growth. In relay intercropping, abundant supply of these two factors is 
even more important because crops are grown in close proximity. Trenbath 
(1986) reported that the efficiency of a given crop in intercropping depends 
primarily on the amount of resource captured; the conversion efficiency of the 
species, and on the mathematical interactions between capture and 
conversion. 
In soybean plots with heavy weed infestations, research has shown 
that a far greater amount of water is necessary to meet the demands of 
évapotranspiration (Jana et al., 1984). Mortenson and Coble (1989) 
investigated common cocklebur (Kanthium strumarium) interference with 
soybean in well-watered and drought-stressed environments. They found 
that cocklebur reduced soybean yields more in well-watered than in drought-
stressed conditions. In relay intercropping, where the system involves two 
crop species instead of a crop and a weed species, one would also expect a 
greater demand for water - and other growth factors - and similar 
competition between species. 
With relay intercropping systems involving soybean and winter wheat, 
wheat is usually well-established by the time soybean is planted. Thus, the 
wheat crop dominates in competition for available light and moisture during 
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the period the two crops are growing together. Because of this dominance, 
stress to the wheat does not pose a major problem. Soybean, on the other 
hand, is more likely to be stressed. A considerable amount of research 
investigating the effects of soil moisture and inadequate light on soybean has 
been conducted and a discussion of some results follows. 
Soil Moisture Usage 
Effect of stress at different stages of soybean development 
In studies investigating the effect of soil water stress at different times 
during the season, results indicate that stress encountered during 
reproductive growth reduces yield more than when encountered during 
vegetative growth. Stress during vegetative growth did decrease plant 
height; however, greatest reductions in final seed yield occurred when water 
was withheld during flowering and early pod-fill (Doss et al., 1974). 
Irrigation during vegetative growth produced larger plants - as evidenced by 
greater dry weights ~ but did not significantly affect seed yield (Ashley and 
Ethridge, 1978). Likewise, a single irrigation at flowering had no effect on 
seed yield while irrigation at pod elongation and seed fill did significantly 
increase yields (Korte et al., 1983b). 
A combination of factors lead to reduced yields when soybeans 
encountered water stress during reproductive development (Sionit and 
Kramer, 1977). Stress during flowering resulted in a shorter flowering 
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period with fewer flowers being produced and a smaller number of pods due 
to greater flower abortion. Plants stressed during early pod formation 
produced fewer pods and seeds per plant while those stressed during pod 
filling produced smaller seeds. Momen et al. (1979) showed that a decrease 
in the number of harvestable pods and seeds resulted from water stress 
imposed during early reproductive growth. Seed size was also significantly 
reduced by stress encountered during late reproductive growth in their study. 
In a later study, researchers agreed that irrigation at flowering, pod 
formation, and seed fill enhanced pod set, seed number, and seed size, 
respectively (Korte et al., 1983b). 
Soybean has demonstrated a capability to compensate for moisture 
stress encountered during seed development (Westgate et al., 1989). When 
water was withheld at this stage, leaf water potential, followed by carbon 
exchange rate, decreased rapidly. However, seed dry weight continued to 
increase at or near the control rate. Mobilization of reserves from the leaves, 
stems, and pericarps was cited as the primary reason for the maintenance of 
seed growth during short periods of water deficit. 
Effect of water stress on physiological processes 
In addition to affecting seed yield components, moisture stress has also 
been shown to inhibit certain physiological processes in soybean, Boyer 
(1970) suggested that a minimum turgor pressure must be present before leaf 
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enlargement will occur. He noted that declining leaf water potential 
inhibited leaf expansion, photosynthesis, and respiration with the inhibition 
of expansion being the most severe. 
In another study, irrigation treatments were applied to soybean at 
different times of the growing season: full season, irrigated during vegetative 
stages only, irrigated during reproductive stages only, and no irrigation 
(Neyshabouri and Hatfield, 1986). Plants subjected to no irrigation and 
irrigation during vegetative stages only had lower net photosynthetic rates 
during reproductive growth. Limited soil water supply also caused a 
reduction in leaf area indexes (LAFs). 
Pahalwan and Tripathi (1984) showed that water stress caused a 
reduction in nodules per plant (on both the tap and lateral roots), nodule 
fresh weight, nitrogen accumulation, and plant dry weight. The decreased 
nitrogen accumulation was later proven to be caused by reduced nitrogen 
fixation in water stressed soybean (Flagler et al., 1987). In the same study, 
water stressed plants had lower nitrogen concentrations in the leaflets and 
pods while having greater nitrogen concentration in the stems and petioles. 
Nitrogen accumulation rates were 53% lower in stressed soybeans. 
Sullivan and Teramura (1990) reported that drought reduced growth 
and photosynthesis in soybean. They suggested that drought stress may 
have delayed cell division, reduced the photosynthetic capacity of soybean, 
and reduced the apparent limitations to assimilation. 
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Moisture stress also affects root growth in soybean. Data have shown 
that moisture deficits restricted root growth in the upper portion (0-32 cm) of 
the soil profile while it stimulated root growth in the lower portion (Brown et 
al., 1985). In wheat, moisture stress caused roots to have a greater surface 
area by producing longer and finer roots (Sharma and Ghildayl, 1977). Roots 
developed under drier soil conditions extracted more soil water per unit of 
root volume to help the plant meet its transpiration demands. 
In relay intercropping systems where the two crops are close together, 
the second crop (soybean in this case) would have a reduced rooting 
environment in addition to a greater potential of moisture stress. In a study 
investigating the effects of moisture stress and restricted root zone volume on 
soybean, results showed that both of these factors impaired growth; however, 
each involved a different physiological mechanism (Krizek et al., 1985). 
Moisture stress caused lower leaf water potentials, a reduction in new leaf 
initiation, lower photosynthetic rates, and caused dry matter to be allocated 
to the roots at the expense of the shoot. Restricted root zone volume did not 
alter these individual factors significantly, but did cause an overall decrease 
in vegetative growth. 
Moisture stress also affected the quality and composition (in terms of 
oil and protein concentrations) of soybean seed (Rose, 1988). Stress 
encountered during early reproductive growth produced seeds with low 
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protein percentages. When plants encountered stress during mid- to late-
podfill, seed with low oil content resulted. 
Row spacing effects on soil moisture usage 
Studies have shown that soybean yields generally increase as row 
spacing decreases (Cooper, 1977). In situations where soil moisture becomes 
limited, this fact may not hold true. Spilde et al. (1980) reported that a full 
season cultivar grown in narrow rows had a large yield advantage over wider 
rows in environments where soil moisture was adequate. However, when 
water stress was encountered, the yield advantage was not as great. 
In measuring the cumulative water use of soybeans, Alessi and Power 
(1982) found that soybeans grown in narrow rows (15 cm) used more water 
than those in wider rows (45 or 90 cm). In relating this use to seed yield, 
they concluded that narrow rows: 1) may be advantageous when water is not 
a limiting factor, 2) may have no effect on yield under moderate stress, and 
3) may even reduce yields under extreme drought conditions. 
Data by Taylor (1980) agreed with these findings. He suggested that 
narrow rows achieve canopy closure by the beginning of pod-fill and thus 
allow more photosynthesis when seasonal water is adequate. In diy years 
though, plants grown in wide rows may be taller, larger, and may have 
greater leaf area indexes (LAI) and water potentials than those in narrow 
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rows. These factors apparently contribute to the advantage of wide rows in 
dry years. 
Later findings by Mason et al. (1982) disagreed with the idea that 
plants grown in different row spacings used different amounts of water. 
They reported that while row spacing did affect root depth, length, and 
density, it did not affect total water use. They hypothesized that radiation 
interception during late pod-fill, as opposed to differences in soil-plant-water 
relations, was the reason the narrow rows yielded more than wide rows. 
Cultivar responses to soil moisture usage 
In recent studies, soybean cultivars have exhibited differential 
responses to soil moisture stress. In evaluating the response of four 
determinate cultivars to moisture stress. Brown et al. (1985) found no 
significant differences in seed yield. However, one variety ('Sohoma') did 
show a trend toward less yield reduction - due to a smaller reduction in seed 
number - under stress. The root density of Sohoma was also reduced less 
than the other three cultivars. 
Ashley and Ethridge (1978) reported that relatively short-statured 
cultivars (e.g. 'Ransom') responded better to irrigation than larger cultivars 
(e.g. 'Coker 102' and 'Hampton 266A'). They concluded that the greater 
yields of the shorter cultivar were due to the fact that it produced less 
vegetative growth and was less likely to lodge. Neyshabouri and Hatfield 
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(1986) reported that determinate soybeans (e.g. 'Elf) showed a better 
response to stress during reproductive growth than indeterminate soybeans. 
The fact that determinate soybeans did not have as many competitive sinks 
and retained more pods per plant and seeds per pod during stress was the 
reason for this advantage. In a comparison with seven other soybean 
varieties, Elf produced significantly higher yields (when averaged over years 
and irrigation treatments) (Korte et al., 1983a). Again, shorter plant height, 
greater resistance to lodging, and earlier maturity were cited as the major 
reasons for the yield advantage. In a companion paper, Korte et al. (1983b) 
found cultivar differences in seeds per plant and pods per plant for cultivars 
grown at different levels of soil moisture. 
In another study, inconsistent and insignificant yield advantages were 
reported for cultivars subjected to moisture stress (Momen et al., 1979). The 
two cultivars studied ('Hark' and 'Rampage') did differ in some yield 
components (e.g. seed number, seed size, and seeds per pod) although these 
differences did not translate into differences in final seed yield. 
Light Interception 
Solar radiation use and interception 
Solar radiation is the driving force for all plant reactions. It provides 
the energy for photosynthesis as well as for évapotranspiration and sensible 
heat exchange. Trenbath (1986) points out that although the efficiency with 
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which a plant utilizes light is dependent on the supply of several other 
factors, light use efficiency depends primarily on two factors: capture and 
conversion efficiencies. Capture efficiency is defined as the product of 
interception and absorption, and conversion efficiency as the product of 
conversion into whole-plant biomass and harvest index. Interactions between 
capture and conversion also impact the efficiency of light usage. 
In monocrop systems, assuming no competition from weeds, the crop 
receives all incoming radiation. In this case, light use efficiency depends 
mainly on the conversion efficiency. In intercrop systems, capture efficiency 
is more important since two (or more) crops are competing for a fixed amount 
of the resource. Since light is absorbed primarily by leaves, the species 
having the greatest leaf area will dominate in light absorption (Trenbath, 
1976). In intercrop systems with winter wheat and soybean where the 
soybean is seeded into a well-established wheat crop, the wheat dominates in 
competition for incoming radiation and can cause alterations in the soybeans. 
Unequal light absorption and subsequent usage by the more dominant 
species will lead to growth suppression (and possibly death) of the smaller 
species. When the photosynthetic canopy (i.e. green leaves and/or stems) of 
one species is taller than the other, the shorter species intercepts a smaller 
share of light. Therefore, slight differences in height can lead to significant 
differences in amounts of light intercepted by crops involved in intercrops. 
However, certain species (or varieties within species) have characteristics 
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which may aid them in competition for light. These characteristics include: 
1) rapid expansion of a tall canopy, 2) large-sized leaves, 3) advantageous leaf 
orientation (horizontal under overcast and plagiotropic under sunny 
conditions), 4) mosaic leaf arrangement, 5) a photosynthetic pathway, 6) 
low transmissivity, 7) a climbing habit, and 8) a high allocation of dry matter 
to building a tall stem. 
Soybean has some ability to acclimate to shaded conditions. It has 
shown an ability to maintain a positive carbon balance for an extended period 
when grown under shaded conditions (Stoller and Myers, 1989). This ability 
was due largely to its ability to lower its respiration rate, thereby respiring 
less photosynthate. During this adjustment to reduced irradiance, soybean 
increased its ratio of roots, stems, and petioles to leaves. Although this 
reduced irradiance was caused by shade cloth instead of other plants (as in 
intercropping), it does give an indication of soybean competitiveness and its 
ability to compensate for decreased light in intercrop systems. 
Radiation use is different in intercrop systems than in sole crops (Allen 
et al., 1976). Shading in intercropping systems reduces the quantity of light 
available to the crops, especially the lower one. Since the largest component 
of net radiation is gained by direct-beam solar irradiance, the shorter crop is 
more often exposed to lower radiation levels. Light is increasingly 
attenuated with depth into the canopy, thus causing a decrease in carbon 
dioxide fixation. Radiation fluctuations, especially high frequency ones, occur 
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more often at the canopy top. These fluctuations again give the taller crop 
an advantage over the shorter one as rapid light fluctuations have been 
shown to increase quantum carbon dioxide efficiency and assimilation rates. 
The quality of light also changes with depth in the canopy (Allen et al., 
1976) as the ratio of near infrared (NIR) to photosynthetically active 
radiation (PAR) increases.^ NIR does not contribute directly to 
photosynthesis and may affect photomorphogenic processes. Kasperbauer 
(1987) reported that soybean leaves absorbed most of the PAR (blue and red 
light) while they either reflected or transmitted the FR (far-red or NIR). 
This greater FR:R ratio caused more photosynthate to be partitioned to 
shoots and caused development of longer internodes and fewer branches 
during vegetative growth (a condition called etiolation). At maturity, these 
plants were characterized by being taller, having fewer pods and seeds per 
plant, and a lower seed to straw ratio. In a later report, Kasperbauer (1988) 
stated that the higher FR:R ratio acts via the phytochrome system to 
regulate development of the photosynthetic apparatus and partitioning of 
photosynthate throughout the plant. He further explained that leaves of 
etiolated plants were thinner, had chloroplasts with more but smaller grana. 
^In the literature discussing solar radiation, NIR and FR (as well as R and PAR) 
are often used interchangeably. NIR and FR refer to radiation with a wavelength 
greater than 700 nm. R and PAR refer to radiation with a wavelength in the 400 to 
700 nm band. PAR also includes blue light. 
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had an increased chlorophyll a/b ratio, and fixed more carbon dioxide per 
mass of leaf. 
Light interception throughout the season 
Plants differ in their interception and subsequent utilization of light 
throughout the season. Working with soybean, Shibles and Weber (1965) 
showed that percent interception increased directly with leaf area 
development during vegetative growth. They also showed that the rate of dry 
matter production was in direct proportion to energy intercepted. Another 
study suggested that soybeans reach a light saturation level and that this 
level decreased during reproductive growth (Sakamoto and Shaw, 1967). 
Therefore, soybean communities may not be able to utilize all incident 
radiation during reproductive growth. 
In soybean, canopy apparent photosynthesis (CAP) gives a more 
representative measure of photosynthesis than does measurement on 
individual leaves. Photosynthetic rates during pod-filling of soybean are 
more closely related to final seed yield than they are during vegetative 
growth (Buttery et al., 1981). Wells et al. (1982) showed that CAP reached a 
maximum during late vegetative and early reproductive growth stages. After 
maximum CAP was reached (and maintained for variable amounts of time 
according to cultivar), the values steadily declined to zero at maturity. Since 
wheat is usually harvested before soybean reaches these growth stages in 
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intercrop systems, the developing soybeans would potentially have time to 
compensate for the reduction in light received during early vegetative stages. 
For wheat involved in intercrop systems with soybean, shading usually 
does not pose a problem until after anthesis. Winter wheat did show a 
response to postanthesis shading applied at different stages of reproductive 
growth (Grabau et al., 1990). Early shading (one to eight days after 
anthesis) reduced floret fertility and kernels per spike while mid-shading (14-
22 days after anthesis) reduced kernel weight. The authors attributed early 
shading reduction to sink limitation and mid-shading reduction to a source 
limitation. In both cases, final seed yield was reduced. 
Effect of row spacing (or planting pattern) on light interception 
The fact that narrow row spacings achieve canopy closure before wider 
rows was discussed in Part I. In a study where the row width was varied 
from 13 to 102 cm, row spacing less than 51 cm required fewer days from 
emergence to 95% solar radiation interception at plant populations greater 
-1 
than 128,440 plants ha (Shibles and Weber, 1966). The authors observed 
that wider row spacings created a large spatial barrier to canopy closure and 
resulted in less light interception. A later study also reported that a greater 
LAI was achieved earlier in the growing season with narrower rows (Hicks et 
al., 1969). 
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Shaw and Weber (1967) reported that the outer portion of soybean canopies 
intercepted the greatest amount of solar radiation. They indicated that row 
spacing and plant arrangements which minimize lodging and expose the most 
leaves to direct light are the most advantageous for light interception and 
subsequent seed yield. In intercropped soybeans, row spacing significantly 
affected light interception with 20 cm rows intercepting more radiation (and 
producing a 19% greater seed yield) than 80 cm spacings (Reinbott et al., 
1987). 
Cultivar differences in light interception 
Soybean cultivars have different inherent leaf characteristics, some of 
which do affect light interception. Hicks et al. (1969) showed that cultivars 
with narrow leaflets allowed more light penetration than normal leaflets. 
However, no significant differences in final seed yield were observed between 
cultivars with the two different leaflet types. 
Although differences in CAP among cultivars did exist during the mid-
and late seed developing stages, these differences could not be accounted for 
by differences in LAI or light interception (Wells et al., 1982). Likewise, 
differences in final seed yield among cultivars was more closely related to 
differences in CAP, not in light interception or leaf photosynthesis. 
In a study comparing soybean lines with varying leaf photosynthetic 
abilities (rapid or slow). Ford et al. (1983) reported significant differences in 
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leaf photosynthesis between groups (as well as among lines within a group). 
However, no significant differences in seed yield were reported between 
groups. From these data, the authors concluded that selecting cultivars for 
greater seed yields has apparently also selected for improved photosynthesis 
per unit leaf area. Thus, further selection based on leaf photosynthetic 
capability alone will probably not improve seed yield of soybean cultivars. 
Interaction of Light Interception and Soil Moisture Usage 
Trenbath (1986) explains that if an intercrop species absorbs less than 
its share of one factor that it competes for, that species is likely to receive a 
correspondingly small share of all growth factors. He further explains that 
competition for those factors which are less limited is often most severe. In 
other words, if soil conditions (e.g. moisture and nutrient levels) are near 
optimal, competition for light will start first. Conversely, if light levels are 
adequate, competition for soil factors will start first. 
Under certain conditions, species in intercropped systems may 
encounter less stress than those grown as sole crops. Allen et al. (1976) point 
out that the shorter crop in intercrop systems could be under less stress 
(assuming that soil water is adequate for the roots) for évapotranspiration 
because of the shade firom the competing species. 
In a study where soybean was subjected to variable soil moisture and 
radiation levels, an interaction between the two was evidenced (Sullivan and 
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Teramura, 1990). Under well-watered conditions, supplemental ultraviolet 
radiation reduced plant dry weight, leaf area, and number of pods. Under 
drought conditions, supplemental radiation had no effect on plant growth and 
seed yield beyond that caused by drought alone. 
Objectives 
The objective of this research was to determine the effect of soybean 
genotype and row spacing on soil moisture usage and light interception in a 
relay intercropping system with winter wheat. 
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MATERIALS AND METHODS 
Field studies were conducted at the Iowa State University Agronomy 
and Agricultural Engineering Research Center (near Boone, Iowa). In 1988 
and 1990, the Bruner farm was the experimental site where the soil consists 
of a Canisteo (Typic Haplaquolls) silty clay loam and a Nicollet (Aquic 
Hapludolls) loam. In 1989, the experiment was located at the Burkey farm 
where the soil is a Clarion (Typic Hapludolls) loam. 
Treatments were composed of combinations of three cropping systems, 
three soybean varieties, and three soybean row spacings. The three cropping 
systems were sole crop soybean, sole crop winter wheat, and soybean relay 
intercropped into winter wheat. The three soybean genotypes were selected 
based on their stem termination type: A75-D29 (semideterminate), 'Hoyt' 
(determinate), and Telia 86' (indeterminate). All three varieties are of Group 
II maturity and have distinguishing characteristics. Pella 86 has proven to 
be high yielding in central Iowa and is a relatively tall and large-seeded 
cultivar. Hoyt was developed in Ohio for use in doublecrop systems and 
performs well in narrow row spacings (Dr. Richard Cooper, 1988, personal 
communication). Compared to the other two, it is short and small-seeded. 
A75-D29 (an experimental line in the soybean breeding program at Iowa 
State) has a high resistance to lodging and is intermediate in height and seed 
size. The three soybean row spacings were 25, 51, and 76 cm. Interseeded 
into 25 cm wheat rows, the 25, 51, and 76 cm spacings resulted in soybeans 
between every one, two, or three wheat rows, respectively. 
Spring oat was the previous crop grown in all three years of the study 
where it was grown to maturity and harvested for grain. After oat harvest, 
the sites were disked as necessary to bury the remaining straw. A field 
cultivator was used to make final seedbed preparations just prior to wheat 
planting. Siouxland hard red winter wheat was used and was seeded in the 
early fall of 1987, 1988, and 1989 (see Table A1 for exact planting dates). 
Wheat was bulk seeded with a small grain drill with rows planted in the 
-1  
north-south direction. A seeding rate of 84 kg ha was used each year. 
Fertilizer was applied according to test results from the ISU soil 
testing laboratory. Nitrogen was applied in two applications - one each in 
-1 
the fall and spring - for all three years. The fall rates used were 45 kg ha 
(elemental) N and were applied just prior to wheat planting. Spring N rates 
-1  
were 67 kg ha (elemental) N and were applied shortly after the wheat 
resumed growth. Different amounts of phosphorus and potassium were 
applied after oat harvest during the three years: 0-24-84 (elemental N, P, 
and K) kg ha ^ in 1987 and 1988, 0-20-112 (elemental N, P, and K) in 1989. 
2 Wheat plots (6.1 m ) were marked off before the boot stage of wheat 
[stage 36 according to Zadoks et al. (1974)^] was reached with additional 
^Subsequent wheat growth stage descriptions will be as explained by Zadoks et 
al., (1974). 
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2 
space (7.6 m ) left as border to turn the equipment. All appropriate 
2 
treatments were randomized and allocated on the 6.1 m plots. 
Two strips of soybean were planted within the wheat plots just prior to 
emergence of the inflorescences (stage 47-49). A no-till drill that provided 
good seed to soil contact and allowed variable row spacings was used to 
interseed the soybeans. Vegetation was removed from sole plots (about two 
weeks before planting) and seedbeds were prepared by roto-tilling the soil. 
Sole crop and intercrop soybeans were planted at the same time (see table A1 
for soybean planting dates). Previous research has indicated that the 
optimum seeding rates for soybean varies with stem termination type and 
that determinate growth types have a higher optimum seeding rate than 
indeterminates (Dr. Richard Cooper, 1988, personal communication). 
Therefore, different rates were used for the three genotypes: 774,670; 
-1 645,560; and 516,450 seeds ha for Hoyt, A75-D29, and Pella 86, 
respectively. 
Grassy weeds (mainly foxtail [Setaria sp.]) were controlled with a 
postemergence application of sethoxydim [2-(l-(ethoxyimion)butyl)-5-(2-
(ethylthio) propyl)-3-hydroxy-2-cyclohexen-l-one]. Herbicide was applied to 
-1  -1  
the sole plots at a rate of 0.26 kg ha with 0.95 1 ha of crop oil concentrate 
added. Broadleaf weeds ( mainly pigweed [Amaranthus sp.], smartweed 
[Polygonum sp.], cocklebur [Xanthium pensylvanicum], and lambsquarter 
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[Chenopodium album]) were removed by hand as necessary to maintain 
weed-free conditions. 
Soil moisture measurements were taken at four times during the 
season, according to the growth stage (according to Fehr and Caviness, 
1977®) of sole crop soybeans: VI, V5, R2, R5. Both wheat and soybean were 
growing during the VI and V5 samples; however, wheat had been harvested 
before the R2 and R5 samples were taken each year. In the 51 and 76 cm 
soybean row spacings, samples were taken at two distances (6.4 and 31.8 cm) 
from a randomly selected wheat row (at a random distance from the row 
end). The first distance was midway between the wheat and adjacent 
soybean row while the second distance was 6.4 cm on the east side of the 
next wheat row. In the 25 cm soybean spacings (and the sole crop wheat), 
only the 6.4 cm distance was sampled as sampling at the second distance 
would have been a repeat of the first distance as soybeans were between 
every wheat row. At each distance, samples were taken at three depths in 
the soil profile: 0-15, 16-30, and 31-60 cm. The gravimetric method of soil 
moisture determination was used to minimize mechanical damage to the 
crops during sampling. Percent soil moisture was calculated by the formula: 
% Soil Moisture = (Wet Weight - Drv Weight) * 100 
Dry Weight 
^Subsequent soybean growth stages will be as described by Fehr and Caviness 
(1977). 
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Light interception measurements were taken at the same growth 
stages as the soil samples were taken. Measurements were taken with a line 
quantum sensor (Li-Cor model LI-191SB) that had a total sensing length of 
one meter. The sensor was connected to a radiometer (Li-Cor model LI-188B 
Integrating Quantum/Radiometer/Photometer) where direct measurements of 
PAR were integrated for 10 seconds. This was done to help correct for fluxes 
caused by wind or other interruptions. Measurements were taken during a 
four hour period (two hours before or after solar noon) with the order of 
measurements being changed for each sampling period. Measurements were 
not taken in the presence of visible cloud interruptions. 
For each row spacing, the appropriate amount of the sensor was 
shielded so that readings were only taken from one row middle to the next. 
Therefore, the length of sensor exposed was equal to soybean row width (25 
cm in sole wheat) so that unbiased comparisons could be made among the 
three widths. The center of the exposed bar was positioned perpendicular to 
a randomly selected soybean row (at a random distance from the row end). 
The sensor was inserted at 20 cm increments, starting at the soil surface and 
continuing to the canopy top, and was supported by a modified ring stand. 
Precautions were taken to minimize disturbance of the plant canopies and to 
avoid casting shadows onto the sensor. Prior to each sample, heights of the 
soybean and wheat were recorded so that comparisons would be made only 
100 
among treatments having the same maximum heights. Percentages of 
interception at each level sampled was calculated by the formula: 
% Interception = 1 - (% Intercepted at Level Sampled) 
(% Intercepted at Canopy Top) 
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RESULTS AND DISCUSSION 
Soil moisture usage and light interception were evaluated in a relay 
intercropping system involving soybean and winter wheat in 1988, 1989, and 
1990. Samples were taken at four times during the growing season with 
data reported within the sampling periods. The results of soil moisture 
usage and light interception are reported separately. 
Variable amounts of precipitation during the three years of the study 
(see Table A2) resulted in large differences in measurements among years. 
Precipitation totals were 240 and 224 mm below the 30 year average in 1988 
and 1989, respectively. During the period the intercropped soybeans and 
wheat were growing together (May and June), precipitation amounts were 
144 and 117 mm less than the 30 year average for that period in 1988 and 
1989, respectively. In 1990, the total annual precipitation exceeded the 30 
year average by 200 mm. In May and June, the combined precipitation 
exceeded the 30 year average (for those months) by 187 mm. In addition, 
rainfall in July was 108 mm above the average, thereby delaying winter 
wheat harvest and increasing the overlap period between the wheat and 
soybean in the intercrop systems. 
Analyses were conducted to determine the effect of cropping system, 
soybean variety, and soybean row spacing on soil moisture content and 
canopy light interception at the four sampling periods. Soil moisture samples 
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were analyzed from three depths in the soil profile and two distances from 
the row (in 51 and 76 cm soybean row spacings only). Light interception 
measurements were taken in 20 cm increments from the soil surface to the 
canopy top. The F-test was used to test for variables causing significant 
differences (a=0.05 or 0.01) with the mean values of significant variables 
further separated using the LSD test (a=0.05). 
Soil Moisture Usage 
Due to variable rainfall amounts during the three years of the study, 
soil moisture samples were not taken for all treatments at all sampling 
periods. In 1988, intercropped samples were not taken after the wheat was 
harvested because soybeans died from drought stress before reaching the R2 
growth stage. In 1989, intercropped soybeans had suffered severe drought 
stress by the V5 growth stage; therefore, data is not included after the VI 
growth stage. In 1990, saturated field conditions prevented sampling at the 
VI growth stage. 
With the exceptions mentioned above, data are reported within the 
four sampling periods. In each period, analyses were conducted to evaluate 
the effect of the three cropping systems on soil moisture at the various 
depths sampled (D1 = 0-15 cm, D2 = 16-30 cm, D3 = 31-60 cm). Sample 
depths were analyzed as split-plot factors with cropping system as the whole 
plot. Measurements taken at the second distance from the row (31.8 cm) 
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were not included in this evaluation (since all treatments were not sampled 
at two distances) in order to obtain a more accurate analysis of cropping 
system effect on soil moisture usage. Separate analyses were conducted to 
evaluate soil moisture usage by the various cropping systems at different 
depths and distances from the row. Cropping system, depth, and distance 
were the whole, split-, and split-split-plot factors in these analyses, 
respectively. Treatments with 51 and 76 cm row spacings were the only ones 
sampled at both distances, therefore sole wheat and 25 cm soybean rows 
were omitted from these analyses. Analyses were also conducted to measure 
the effect of soybean variety and row spacing in intercrop systems. In these 
analyses, sole treatments of wheat and soybean were omitted since cropping 
system was evaluated in previous analyses. 
Soil moisture usage at the VI growth stage of soybean 
During the VI sampling period, winter wheat was at the milk stage 
(stage 74-78). Soybeans growing in the wheat canopy had begun to etiolate 
and averaged 22 cm in height compared to 9 cm for sole crop soybeans (data 
not reported). 
In the evaluation of soybean varieties and row spacings in intercrop 
treatments, the analysis showed that significant differences were caused only 
by sample depth (Table A3). In both years sampled (VI soil samples were 
not taken in 1990), soybeans were suffering severe drought stress at the VI 
104 
growth stage. Apparently, this stress limited soybean growth so that root 
growth of all varieties (and at all row spacings) was equally retarded with no 
differences occurring among treatments. 
Year effect In comparisons within intercropping systems, year did 
not have a significant effect on soil moisture (Table A3). In both years, soil 
moisture content was inadequate for intercrop systems and soybeans died 
during vegetative growth. In analyses evaluating soil moisture usage among 
cropping systems (Table A4) and distances from the row (Table A5), year had 
a highly significant effect (a<0.01) on soil moisture. Averaged over all depths 
and cropping systems, soil moisture percentage was significantly greater in 
1989 (15.1%) than in 1988 (14.1%) (Table 1). In 1989, more rainfall occurred 
between soybean planting and the VI growth stage (data not reported) and 
apparently resulted in the differences. 
Distance from the row effect In the 51 and 76 cm soybean 
spacings, distance from the row did not significantly affect soil moisture 
content (Table A4). Differences in the treatments were caused mainly by 
cropping system and depth in both years and are discussed below. 
For the combined data, the interaction of cropping system and distance 
had a significant effect on soil moisture in 51 and 76 cm soybean row 
spacings (a<0.01) (Table A4). In sole soybean treatments, moisture content 
was highest at the farther distance from the row (Figure 1). The reverse was 
true in intercrop treatments where soil moisture content was lowest at the 
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Table 1. Mean values^ of percent soil moisture at the VI growth stage of 
soybean as affected by year, cropping system, and depth 
measured during 1988, 1989, and for combined data 
Percent soil moisture 
1988 1989 Combined data 
Cropping system 
Intercrop 12.72 b 12.81 b 12.77 
Sole soybean 15.31 a 17.50 a 16.40 
Sole wheat 15.34 a 13.65 b 14.49 NS 
LSDqos 1.36 2.06 
SE 0.49 0.74 3.33 
Sample depth (cm) 
0-15 14.73 a 14.15 c 14.44 
16-30 14.25 a 16.11 a 15.18 
31-60 13.27 b 14.96 b 14.11 NS 
LSDQ.os 0.69 0.63 
SE 0.23 0.20 0.53 
Year Combined data 
1988 14.09 b 
1989 15.07 a 
LSDQ.OS 0.52 
SE 0.19 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
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farther distance from the soybean row. This interaction indicates that wheat 
reacts to competition from soybean in intercropping systems by extracting 
more soil water from the rows in which no soybeans are planted. 
Cropping system and depth effect Cropping system had a 
significant effect on soil moisture in 1988 and 1989 (a<0.01), but not for the 
combined data (Table A5). In 1988, soil moisture content in the intercropped 
treatments was significantly lower than either sole crop soybean or wheat: 
12.7 compared to 15.3 and 15.3%, respectively (Table 1). In 1989, the soil 
moisture content was 12.8% in the intercropped treatments which was not 
significantly different firom 13.7% soil moisture in sole cropped wheat plots. 
Sole crop soybean plots had 17.5% soil moisture which was significantly more 
than both the sole and intercrop wheat. Although differences were not 
significant for the combined data, soil moisture 
percentages did vary among cropping systems. The actual soil moisture 
contents were 16.4, 14.5, and 12.8% for sole crop soybeans, sole crop wheat, 
and soybean intercropped into wheat, respectively. These data show that 
intercrop systems use more soil moisture than sole crop systems, a fact that 
has been suggested in other reports (Chan et al., 1980; Whigham, 1985). 
In both years, soil moisture content was significantly different (a<0.01) 
at the various depths sampled, but not for the combined data (Table A5). In 
1988, soil moisture was significantly greater in D1 and D2 than in D3: 14.7, 
14.3, and 13.3%, respectively (Table 1). The higher soil moisture contents 
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Distance from row 
6.4 cm I 131.8 cm 
Measured at the V1 growth stage of soybean 
CO 14 
Intercrop Sole crop 
Cropping System 
Figure 1. Interaction of cropping system and distance from the row (in 51 
and 76 cm spacings) on percent soil moisture at the VI growth 
stage of soybean for combined data (measured during 1988 and 
1990) 
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near the soil surface were probably due to recent rainfall (3 mm of rain fell 2 
days before samples were taken). In 1989, rainfall did not occur in the week 
prior to samples being taken. Soil moisture content was significantly 
different at all depths and was 16.1, 15.0 and 14.2% for D2, D3, and Dl, 
respectively (Table 1), The lowest moisture content at Dl indicates more 
depletion of soil moisture in the upper 15 cm. Low moisture contents in D3 
(in both years) reflected the shortage of annual precipitation that had 
occurred in preceding years. At D3, sub-soil moisture depletion had likely 
occurred from previous crops and was not replenished. 
In 1988, a significant interaction occurred between cropping system 
and depth (a<0.05) (Table A5). Sole crop soybeans had the highest soil 
moisture content at Dl and soil moisture decreased with depth in the canopy 
(Figure 2). A large portion of the rainfall that had recently occurred (2 days 
before the samples were taken) was apparently still present in the upper 15 
cm of the soil since soybeans alone do not have a great water demand at the 
VI growth stage. In sole wheat plots, moisture content was lowest in Dl, 
highest at D2, and intermediate at D3. In intercropped plots, moisture 
content was lowest at D3, intermediate at Dl, and highest at D2. In 
treatments involving wheat, results indicate that more moisture was 
extracted from Dl. The fact that intercropped plots had lower water contents 
at Dl than wheat alone indicates that soybeans extracted some of the water 
from this depth in the profile. The low moisture contents in D3 were 
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probably due to increased use of sub-soil moisture by wheat in response to 
dry conditions. Similar results where the depth and density of wheat roots 
increased rapidly in response to water stress have been reported by Sharma 
and Ghildayl (1977). In that study, wheat roots grew longer and finer under 
dry soil conditions and extracted more water per root volume. 
Soil moisture usage at the V5 growth stage of sovbean 
Wheat had reached physiological maturity when soybean was at the 
V5 growth stage. Kernels were past the hard dough stage (stage 92-94) and 
plants had begun to lose photosynthetic capability (evidenced by loss of green 
color). Soybeans growing in the wheat canopy were extremely etiolated and 
were considerably taller than sole crop soybeans. In 1988, sole crop soybeans 
averaged 10 cm in height at the V5 growth stage compared to 30 cm for 
intercropped soybeans measured at the same time (data not reported). In 
1990, sole soybeans averaged 15 cm compared to 42 cm for intercropped 
soybeans (data not reported). In spite of the differences in height, sole crop 
soybeans had developed more leaves than the intercropped soybeans and had 
considerably more vegetative plant matter. 
Year effect Rainfall received in the intercrop growing season (May 
through July) of 1990 was 439 mm more than in 1988 (see Table A2). As a 
result, highly significant differences (a<0.01) occurred between years (Table 
A8). In 1988, soil moisture content was only 13.3% compared to 21.2% in 
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Figure 2. Interaction of cropping system and sampling depth on percent 
soil moisture at the VI growth stage of soybean measured 
during 1988 
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1990 (Table 2). These amounts were averaged over all cropping systems, row 
spacings, varieties, and depths and were significantly different from each 
other. 
Distance from the row effect In both years, distance from the row 
had no effect on soil moisture at the V5 stage (Table A7). Wheat had reached 
physiological maturity and thus was not actively extracting water during this 
period. In 1988, severe stress during early season growth probably prevented 
sufficient growth for root expansion to extend to the 31.8 cm distance. 
Temporary or mild water stress has been shown to stimulate 
soybean root growth (Brown et al., 1985). However, severe and prolonged 
moisture stress can result in cessation of leaf expansion, photosynthesis, and 
general growth of both the shoot and root (Boyer, 1970). Severe stress in 
1988 was evidenced by death of intercropped soybeans shortly after the V5 
samples were taken. In 1990, above normal precipitation apparently placed 
enough moisture in the first sampling depth for vigorous growth to continue 
without roots having to explore more soil volume. Research has indicated 
that the roots of soybeans grown under well-watered conditions are 
concentrated in the upper 20 cm of the soil profile (Huck et al., 1986). 
Sovbean varietv and row spacing effect Percent soil moisture was 
not affected by soybean variety or row spacing in intercrop treatments (Table 
A6) as differences in soil moisture content were mostly due to the depth 
sampled. In 1988, a significant interaction did occur between soybean row 
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Table 2. Mean values^ of percent soil moisture at the V5 growth stage of 
soybean as affected by year, cropping system, and depth 
measured during 1988, 1990, and for combined data 
Percent soil moisture 
1988 1990 Combined data 
Cropping system 
Intercrop 12.09 b 22.12 ab 17.11 
Sole soybean 14.37 a 19.74 b 17.06 
Sole wheat 14.14 a 25.89 a 20.01 NS 
LSDoo5 1.08 5.16 
SE 0.87 1.32 6.87 
Sample depth (cm) 
0-15 11.48 b 20.03 b 15.75 b 
16-30 14.05 a 21.73 a 17.89 a 
31-60 14.31 a 21.83 a 18.07 a 
LSDqos 0.41 1.17 0.81 
SE 0.13 0.38 0.23 
Year Combined data 
1988 13.28 b 
1990 21.19 a 
^®^0.05 0 54 
SE 0.20 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
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spacing and depth (a<0.05) (Table A6). In 25 and 76 cm spacings, soil 
moisture content increased directly with depth in the profile (Figure 3), In 
51 cm spacings, soil moisture increased from D1 to D2, but decreased from 
D2 to D3. These results may have been due to the absence of soybean roots 
in D2 and D3 for 25 and 76 cm rows due to earlier drought stress that 
prevented plant growth. These data suggest that 51 cm row spacings may be 
advantageous in competition for soil water. Because soybeans were under 
severe stress, these differences could be attributed to uncontrollable 
environmental conditions and may not be repeatable. For the combined data, 
a three-way interaction between variety, row spacing, and sampling depth 
was significant according to the F-test (a< 0.05) (Table A6). However, no 
patterns were evidenced among the means of the variables involved in the 
interaction (data not reported). Again uncontrolled variation due to severe 
environmental stresses might have resulted in the variable responses. 
Cropping svstem and depth effect Cropping system had a significant 
effect in both 1988 and 1990 (a<0.05), but not for the combined data (Table 
A8). In 1988, intercropped plots were significantly drier (approximately 15% 
less moisture) than either sole wheat or sole soybean plots (Table 2). In 
1990, sole wheat, wheat intercropped with soybean, and sole soybean 
averaged 25.9, 22.1, and 19.7% moisture, respectively. Soil moisture content 
in sole wheat plots differed significantly from sole soybean, but not from the 
intercrop treatments. Rainfall in excess of the amount needed for 
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Figure 3. Interaction of soybean row spacing and sampling depth on 
percent soil moisture at the V5 growth stage of soybean 
measured during 1988 
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transpiration resulted in tremendous moisture loss through soil evaporation 
in 1990 (data not reported). Since sole soybeans had not achieved canopy 
closure by the V5 growth stage, the exposed soil surface likely resulted in 
greater evaporative losses from those plots. In sole wheat and intercrop 
plots, the wheat canopy prevented direct sunlight from reaching the soil 
surface and thus decreased evaporative losses. The lower soil moisture 
content of intercrop treatments compared to sole wheat indicates that 
soybeans were utilizing some moisture in the wheat canopy, although not a 
significant amount. These data indicate that intercropping will deplete soil 
moisture more if water supply is inadequate and may preserve moisture (by 
shading the soil and decreasing evaporation) if excess soil water is present. 
Sample depth significantly affected moisture content in 1988, 1990, 
and for combined data (a<0.01) (Table A8). In each case, moisture content at 
D1 was significantly lower than at D2 or D3 (Table 2). The reason for these 
differences was likely due to increased moisture extraction in the upper 15 
cm by soybeans, since wheat kernels were mature and losing moisture 
rapidly in preparation for harvest. 
The interaction of cropping system and depth was significant in 1988 
(a<0.01) and for the combined data (a<0.05) (Table A8). In both cases, the 
same interactions were evidenced (Figure 4). Moisture in the intercrop and 
sole wheat treatments increased from D1 to D2, then decreased from D2 to 
D3. These changes reflect the cessation of soil moisture usage by wheat in 
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late reproductive stages and also indicate that wheat roots had utilized soil 
moisture from the D3 depth. In sole soybeans, moisture content increased 
directly with sampling depth, an indication that soybean roots did not extend 
to the 30 cm depth. In 1988, dry soil conditions severely stressed soybeans 
and prevented deep penetration of roots. Consequently, subsoil moisture 
could not be utilized. In 1990, excess rainfall apparently made increases in 
root length unnecessary as water content in the upper soil profile was 
adequate to resume growth. 
Soil moisture usage at the R2 and R5 growth stages 
Intercropped soybeans did not reach reproductive stages in 1988 and 
1989, so soil moisture usage during the R2 and R5 growth stages are 
combined and reported for 1990 only. In 1990, wheat had been removed 1 
week prior to sampling at the R2 growth stage with an additional 3 weeks 
elapsing before R5 samples were taken. Indeterminate intercropped 
soybeans (and semideterminate ones to a lesser extent) had continued to 
grow and were generally taller than the wheat stubble (data not reported). 
Determinate soybeans were essentially the same height as they were when 
wheat was harvested since flowering had begun by wheat harvest. With all 
three stem termination types, visual observations showed that total plant dry 
matter was less in the intercrop treatments (compared to sole crop). 
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Figure 4. Interaction of cropping system and sampling depth on percent 
soil moisture at the V5 growth stage of soybean measured 
during 1988 and for combined data (1988 and 1990) 
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Soybean variety and row spacing did not significantly affect soil 
moisture usage during reproductive growth of intercropped soybean (Table 
A9). Differences in soil moisture percentages in the intercrop systems were 
due to sample depth and are discussed below. 
Distance from row effect Distance from the row had a significant 
effect on moisture content in 51 and 76 cm spacings at the R2 growth stage, 
but not at the R5 growth stage (a<0.05) (Table AlO). Separation of means 
showed that moisture content was significantly lower at the distance closer to 
the row (6.4 cm) (Table 3). Studies have indicated that the roots of plants 
developed under moisture stress were longer and finer, thus exploring more 
soil volume and extracting more water (Brown et al., 1985; Sharma and 
Ghildayl, 1977). Conversely, plants grown under well-watered conditions had 
more roots in the upper soil profile and at close proximity to the main stem 
(Huck et al., 1986). In the data reported here, a greater volume of roots at 
the first distance (in response to abundant early season moisture) likely 
resulted in the difference in soil moisture content between distances. 
The interaction of distance and cropping system was significant 
(a<0.05) at the R2 growth stage (Table AlO). In sole crop systems, soil 
moisture content did not differ significantly at the two distances from the 
row (Figure 5). In intercrop systems, soil moisture content at the farther 
distance from the row (31.8 cm) was significantly greater than soil moisture 
content closer to the row (6.8 cm). These data indicate that the roots of 
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Table 3. Mean values^ of percent soil moisture at the R2 and R5 growth 
stages of soybean as affected by cropping system, depth, and 
distance from the row (in 51 and 76 cm row spacings) measured 
during 1990 
Percent soil moisture 
Cropping system 
R2 Growth stage R5 Growth stage 
Intercrop 24.25 24.31 
Sole soybean 23.21 NS 24.20 NS 
SE 0.18 0.32 
Sample depth (cm) 
0-15 22.22 b 24.96 a 
16-30 24.33 a 24.64 a 
31-60 24.64 a 23.16 b 
LSDO.05 1.54 1.24 
SE 0.47 0.38 
Distance from row (cm) 
6.4 23.30 b 24.08 
31.8 25.08 a 24.11 NS 
LSDQ Qg 0.85 
SE 0.28 0.35 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
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intercropped soybeans had not extended to the 31.8 cm distance from the row 
by the R2 growth stage, whereas the roots of sole soybeans had. The root 
system of the wheat crop apparently served as a barrier and prevented 
lateral extension of soybean roots. 
A significant interaction also occurred between distance and depth at 
the R2 growth stage (a<0.05) (Table AlO). In this interaction, soil moisture 
content increased directly with depth in the profile at the first distance 
(Figure 6). At the second distance, moisture content increased from D1 to 
D2, then decreased from D2 to D3. This pattern indicates that roots 
developed later in the season were positioned deeper in the soil profile and at 
farther distances from the row. These data are in agreement with other 
reports where soybean roots explored deeper depths and more soil volume 
during reproductive stages (Mason et al., 1982; Taylor 1980). In intercrop 
systems, the roots that develop lower in the soil profile are apparently not 
affected by the wheat roots. 
Cropping svstem and depth effect Cropping system did not 
significantly affect soil moisture usage during reproductive growth of soybean 
(Table All). Depth in the soil profile had a significant effect on soil moisture 
at both the R2 (a<0.01) and R5 (a<0.05) growth stages (Table All). At the 
R2 stage, moisture content at D2 and D3 was 24.3 and 24.6%, respectively 
(Table 3). Both were significantly higher than the moisture content at D1 
(22.2%). In the 9 days prior to sampling at the R2 stage, only 12 mm of 
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Figure 5. Interaction of cropping system and distance from the row (in 51 
and 76 cm spacings) on percent soil moisture at the R2 growth 
stage of soybean measured during 1990 
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rainfall occurred. Since a large proportion of the roots were probably located 
in D1 (due to an abundance of early season rainfall), more extraction in the 
upper depth occurred to maintain vigorous growth and prevent stress. 
At the R5 stage, soil moisture content decreased as depth in the soil 
profile increased. As mentioned previously, this trend was likely due to a 
greater proliferation of soil by roots to supply the moisture requirements of 
the plant during seed filling. Apparently, soybean root growth during 
reproductive development can occur to compensate for deficiencies in growth 
during vegetative growth. 
Light Interception 
Canopy light interception measurements were attempted at each of the 
sampling periods in each year; however, drought conditions resulted in 
premature death of intercropped soybeans in 1988 and 1989. In addition, 
intermittent cloud cover persisted during the stages in which intercropped 
soybeans were still surviving in the first two years. Because of these factors, 
light interception measurements will be reported for 1990 only. In that year, 
all treatments reached maturity and measurements were obtained at each of 
the four sampling periods (VI, V5, R2, and R5 stages of sole soybeans). 
Measurements were made in 20 cm increments from the soil surface to the 
canopy top: LvlO, Lvll, Lvl2, Lvl3, and Lvl4 = 0, 20, 40, 60, and 80 cm fi'om 
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the soil surface, respectively. Data are reported within the four sampling 
periods. 
At each sampling period, soybean and wheat heights were recorded. 
With soybeans, no comparisons were made at levels above the maximum 
plant height of soybeans in a given cropping system. For the VI and V5 
stages, an analysis was conducted to determine the effect of the three 
cropping systems (sole soybean, sole wheat, and soybean intercropped into 
wheat) on light interception at the various levels sampled (Table A12). A 
separate analysis was conducted to measure the effect of cropping system, 
variety, and row spacing in soybean cropping systems (sole and intercropped) 
(Table A13). For the R2 and R5 measurements, the effect of cropping system, 
variety, and row spacing in sole and intercropped soybeans were also 
analyzed (Table A14). In all three analyses, the F-test was used to test for 
significance (a=0.05 or 0.01) with means of significant variables further 
separated using the LSD test (a=0.05). 
Light interception at the VI growth stage of sovbean 
At the VI growth stage, sole crop soybeans averaged 9 cm in height 
compared to 22 cm for intercrop soybeans (data not reported). Therefore, 
comparisons involving sole soybeans could only be made at the soil surface 
(LvlO). The analysis of variance showed highly significant differences among 
the three cropping systems (Table A12). At LvlO, each cropping system 
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differed significantly from the other as sole wheat, intercropped wheat, and 
sole soybean intercepted 90, 84, and 5% of incoming radiation, respectively 
(Table 4). Each cropping system differed significantly from the other. The 
low light interception by sole soybeans was clearly due to the small amount 
of vegetative material on soybeans with only one fully developed leaf. The 
fact that sole wheat intercepted significantly more light than intercrop wheat 
was apparently due to damage and/or loss of wheat leaves during 
interseeding of soybeans. These data indicate that intercropped soybeans do 
not intercept significant amounts of incoming radiation in the wheat canopy 
at the VI growth stage. 
At levels above the soil surface, comparisons could be made between 
sole and intercropped wheat only and the analysis showed no significant 
differences (Table A12). Sole wheat did however show a trend of increased 
light interception in comparison to intercropped wheat at all levels sampled 
(Table 4). 
In comparisons involving sole and intercropped soybeans only, soybean 
row spacing had a significant effect on light interception (a<0.05) (Table 
A13). Averaged over cropping systems and varieties, treatments with 25 cm 
soybean row spacings intercepted significantly more light than those with 51 
or 76 cm spacings (Table 5). Soybeans in 25 cm spacings intercepted more 
light in both sole and intercrop treatments, so the interaction of cropping 
system and row spacing was not significant (Table A13). 
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Table 4. Mean values^ of canopy light interception at the VI growth 
stage of soybean as affected by cropping system measured 
during 1990 
Cropping system Percent light interception 
Lvl 0 Lvl 1 Lvl 2 Lvl 3 Lvl 4 
Intercrop 84.01 b 74.41 55.78 39.12 12.80 
Sole soybean 5.18 c 
Sole wheat 89.94 a 76.90 NS 66.79 NS 51.82 NS 22.04 NS 
^^^0.05 5.68 
SE 2.83 6.23 8.30 8.47 6.92 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
^Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1, Lvl 
2, Lvl 3, and Lvl 4 = 20, 40, 60, and 80 cm from the soil surface, respectively. 
The interaction of soybean variety and row spacing was significant for 
light interception at the VI growth stage (a<0.05) (Table A13). Averaged 
across cropping systems, light interception of treatments seeded with the 
A75-D29 and Pella 86 varieties generally decreased as row spacings 
increased (Figure 7). Conversely, light interception of treatments seeded 
with Hoyt soybeans increased as row spacings increased. In intercrop 
treatments interseeded with Hoyt soybeans, greater canopy light interception 
was probably caused by the wheat intercepting more radiation. In wider row 
spacings, less mechanical damage to the wheat resulted in more leaves being 
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retained in a given area. Apparently, the undisturbed wheat canopy 
absorbed more incoming radiation than Hoyt soybeans seeded in wider rows. 
Light interception at the V5 growth stage 
Intercropped soybeans were extremely etiolated and most had lost 
their upright orientation by the V5 growth stage. Abundant rainfall resulted 
in continued growth of intercropped soybeans, albeit in a vine-like fashion. 
Intercropped soybeans averaged over 40 cm in height compared to 
approximately 18 cm for sole soybeans (data not reported). In spite of the 
height differential, sole soybeans had an average of one to two more leaves 
per plant than intercropped soybeans (data not reported). Comparisons 
involving sole crop soybeans were made only at LvlO since sole soybeans had 
not reached 20 cm. 
Analyses involving all three cropping systems showed significant 
differences at the V5 growth stage (a<0.01) (Table A12). Sole and relay 
intercropped wheat intercepted 90 and 81% of incoming radiation, 
respectively (Table 6). These values were not significantly different firom 
each other but both were significantly greater than sole soybean, which 
intercepted 34% of incoming radiation. At levels above the soil surface, sole 
and intercropped wheat did not differ significantly in percent interception 
(Table A12), although the trend of increased interception by sole wheat was 
again evidenced (Table 6). Detailed wheat yield data is not included in this 
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Table 5. Mean values^ of canopy light interception at the VI and V5 
growth stages of soybean as affected by soybean row spacing 
measured during 1990 
Soybean row spacing Percent light interception at soil surface 
cm VI Growth stage V5 Growth stage 
25 46.85 a 68.09 a 
51 43.56 b 51.81 b 
76 43.39 b 53.89 b 
LSDo.O5 2.93 7.38 
SE L04 2£7 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). 
report; however, 1990 sole wheat did yield slightly more than intercropped 
-1 
wheat: 4141 compared to 3698 kg ha , respectively. The trend of decreased 
wheat yields has been reported in several intercropping studies (Jeffers and 
Triplett, 1979; Madden, 1989; Reinbott et al., 1987). In each study, 
mechanical damage was cited as the major cause of yield reductions. These 
data suggest that mechanical damage to wheat during interseeding of 
soybean may decrease the amount of photosynthetic leaf area, thereby 
decreasing the amount of light intercepted and resulting in reduced seed 
yield. Grabau et al. (1990) reported reduced wheat yields in plants subjected 
to postanthesis shading (from polyethylene screens). In this study, 
soybeans did not appear to significantly affect solar radiation interception. 
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Figure 7. Interaction of soybean variety and row spacing on canopy light 
interception at the VI growth stage of soybean measured during 
1990 
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Table 6. Mean values^ of canopy light interception at the V5 growth 
stage of soybean as affected by cropping system measured 
during 1990 
Cropping system Percent light interception^ 
Lvl 0 Lvl 1 Lvl 2 Lvl 3 Lvl 4 
Intercrop 81.42 a 71.09 57.57 40.96 18.77 
Sole soybean 34.44 b 
Sole wheat 90.37 a 77.90 NS 68.36 NS 51.37 NS 27.14 NS 
LSDO.05 15.47 
SE 7.71 5.86 6.26 7.09 5.17 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
^Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1, Lvl 
2, Lvl 3, and Lvl 4 = 20, 40, 60, and 80 cm from the soil surface, respectively. 
Soybean row spacing had a significant effect on canopy light 
interception in treatments involving sole and intercropped soybeans (a<0.01) 
(Table A13). Averaged across cropping systems, soybeans in 25 cm rows 
intercepted significantly more light than those in 51 or 76 cm spacings (Table 
5). A significant interaction occurred between cropping system and row 
spacing (a<0.05) (Table A13). In sole plots, percent interception decreased as 
row spacings increased (Figure 8). In intercropped plots, percent interception 
was highest in 25 cm spacings at 85%. In 51 and 76 cm spacings, the 
percent interception was 76 and 82%, respectively. 
131 
Light interception at the R2 growth stage 
Wheat had been harvested 6 days before R2 light measurements were 
recorded. Sole soybeans had reached 61 cm in height while intercropped 
soybeans averaged 45 cm (data not reported). Differences in the heights of 
intercropped soybean varieties were apparent with A75-D29 and Pella 86 
varieties taller than Hoyt. These heights allowed comparisons to be made up 
to 40 cm (Lvl2) from the soil surface. 
Cropping system had a significant effect at the three levels sampled 
(a<0.01) (Table A14). At all levels, sole soybean intercepted significantly 
more light than intercropped soybeans (Table 7). At LvlO, Lvll, and Lvl2, 
sole soybeans intercepted 92, 88, and 77% of incoming radiation, respectively. 
Intercropped plots intercepted only 62, 45, and 11% at LvlO, Lvll, and Lvl2, 
respectively. 
Soybean row spacing also had a significant effect at all levels sampled 
(a<0.01) (Table A14) and percent interception increased as row spacing 
decreased (Table 8). At LvlO and Lvll, 25 cm spacings intercepted 90 and 
78% of incoming radiation, respectively. These amounts were significantly 
more than the other row spacings. For 51 cm spacings, the percentages of 
light interception were 71 and 66% at LvlO and Lvll, respectively. For 76 cm 
spacings, 70 and 55% of incoming radiation were intercepted at LvlO and 
Lvll, respectively. At Lvl2, light interception percentages in 25 and 51 cm 
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interception at the V5 growth stage of soybean measured during 
1990 
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Table 7. Mean values^ of canopy light interception at the R2 growth 
stage of soybean as affected by cropping system measured 
during 1990 
Cropping system Percent light interception^ 
Lvl 0 Lvl 1 Lvl 2 
Intercrop 61.80 b 45.12 b 10.72 b 
Sole soybean 92.17 a 87.74 a 76.57 a 
^S^O.05 4.56 8.57 9.80 
SE 1.59 2.98 3.41 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). 
^Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1 and 
Lvl 2 = 20 and 40 cm from the soil surface, respectively. 
Table 8. Mean values of canopy light interception at the R2 growth 
stage of soybean as affected by soybean row spacing measured 
during 1990 
Soybean row spacing Percent light interception^ 
cm Lvl 0 Lvl 1 Lvl 2 
25 89.51 a 78.16 a 50.64 a 
51 71.49 b 65.73 b 47.90 a 
76 69.96 b 55.39 b 32.40 b 
L®^0.05 5.58 10.50 12.00 
SE 1.94 3.65 4.18 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). 
^Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1 and 
Lvl 2 = 20 and 40 cm from the soil surface, respectively. 
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row spacings were not significantly different from each other, but both were 
significantly greater than percentages in 76 cm spacings. 
A significant interaction occurred between cropping system and row 
spacing on light interception at the soil surface (a<0.01) (Table A14). In sole 
crop systems, light interception decreased as row spacings were widened 
(Figure 9). In intercrop systems, 25 cm spacings intercepted significantly 
more light than 76 or 51 cm spacings, and 76 cm spacings intercepted 
slightly more light than 51 cm rows. 
Soybean varieties intercepted different amounts of light in sole and 
intercrop systems, therefore a significant interaction occurred between 
cropping system and variety (a<0.01)(Table A14). At LvlO and Lvll in 
intercrop systems, A75-D29 intercepted the greatest amount of light, followed 
by Hoyt, then Pella 86 (Figure 10). At Lvl2, A75-D29 still intercepted the 
most light, but Pella 86 intercepted more than Hoyt. At all levels in sole 
crop systems, the greatest, intermediate, and lowest amounts of light were 
intercepted by Pella 86, Hoyt, and A75-D29, respectively. These data suggest 
that A75-D29 (a semideterminate) is more competitive for light than Pella 86 
or Hoyt. However, Pella 86 (an indeterminate) produced the greatest seed 
yield (see Table 12). Since Pella 86 was taller than A75-D29, it had more 
leaves on the upper part of the plant and thus intercepted more light at 
higher levels. A75-D29 and Hoyt were shorter and apparently had a greater 
percentage of their total LAI in the 0-40 cm height. Comparisons in light 
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Figure 9. Interaction of cropping system and row spacing on canopy light 
interception at the R2 growth stage of soybean measured during 
1990 
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interception among the three varieties were not made above Lvl2 since all 
three varieties were not over 40 cm in height. 
Light interception at the R5 growth stage 
Three weeks had elapsed between wheat harvest and light 
measurements at the R5 growth stage of soybeans. In both sole and 
intercrop treatments, soybeans had nearly reached their heights at maturity 
(see Table 12), with differences occurring among the varieties in each 
cropping system. The average heights of varieties in sole treatments were 
86, 78, and 56 cm for Pella 86, A75-D29, and Hoyt, respectively (data not 
reported). In intercrop treatments, the ranking of plant heights was the 
same and was 46, 42, and 40 cm for Pella 86, A75-D29, and Hoyt, 
respectively. 
Cropping system had a significant affect at all levels sampled at the 
R5 growth stage (a<0.01) (Table A14). Sole soybeans intercepted 
significantly more light at each level sampled with differences in sole and 
intercrop light interception percentages becoming greater at higher levels in 
the canopy (Table 9). The greater height of sole crop soybeans resulted in 
more total leaf area exposed to incoming radiation, although comparisons 
between the two cropping systems could be made only up to 40 cm from the 
soil surface. 
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Soybean Variety 
im A76-D29 WÊÊ Hoyt iH Pella 86 
Measured at the R2 growth stage 
I (0) s (0) I (20) S (20) I (40) S (40) 
Cropping System 
("Intercrop; S"Sole soybean 
(numbers in parentheses indicate 
distance (in cm) from soil surface) 
Figure 10. Interaction of cropping system and variety on canopy light 
interception at the R2 growth stage of soybean measured during 
1990 
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Percent light interception was significantly affected by soybean variety 
(a<0.01) at Lvll and Lvl2 (Table A14) and was apparently related to the 
height of the three varieties. Averaged across row spacings, Pella 86 
intercepted more radiation at both levels, followed by Hoyt, then A75-D29 
(Table 10). The same trend was evidenced in intercrop treatments alone so 
that the interaction of cropping system and variety was not significant. 
Soybean row spacing significantly affected light interception at LvlO 
and Lvll (a<0.05) (Table A14). Percent light interception increased as row 
spacings were narrowed (Table 11). Significant differences occurred among 
all spacings at LvlO and Lvll. At LvlO, soybeans in 25, 51, and 76 cm 
spacings intercepted 90, 82, and 74% of incoming radiation, respectively. At 
Lvll, the percent interception was 81, 70, and 60% for 25, 51, and 76 cm 
spacings, respectively. A significant interaction occurred between cropping 
system and row spacing at LvlO (a<0.01) and Lvll (a<0.05) (Table A14). In 
intercrop treatments, the differences in percent interception between row 
spacings were much greater than in sole systems (Figure 11). 
Soybean seed yield and plant height (see Table 12) were essentially in 
the same order as percent canopy light interception for the variables studied. 
Cropping systems, varieties, and row spacings intercepting the most light 
generally produced the greatest yields. Sole crop soybeans intercepted 
significantly more light and produced yields over four times greater than 
intercropped soybeans (Table 12). Pella 86, the tallest variety in both 
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Table 9. Mean values^ of canopy light interception at the R5 growth 
stage of soybean as affected by cropping system measured 
during 1990 
Cropping system Percent light interception^ 
Lvl 0 Lvl 1 Lvl 2 
Intercrop 70.25 b 48.78 b 15.23 b 
Sole soybean 94.48 a 92.04 a 82.89 a 
LSDo.05 5.21 6.76 9.94 
SE 1.81 2.35 3.46 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). 
^Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1 and 
Lvl 2 = 20 and 40 cm from the soil surface, respectively. 
Table 10. Mean values of canopy light interception at the R5 growth 
stage of soybean as affected by soybean variety measured 
during 1990 
Soybean variety Percent light interception^ 
Lvl 0 Lvl 1 Lvl 2 
A75-D29 78.63 65.01 b 40.66 b 
Hoyt 82.70 69.72 ab 48.13 ab 
Pella 86 85.76 NS 76.51 a 58.39 a 
LSDO.05 8.28 12.17 
SE 2.22 2.88 4.23 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1 and 
Lvl 2 = 20 and 40 cm from the soil surface, respectively. 
140 
Table 11. Mean values^ of canopy light interception at the R5 growth 
stage of soybean as affected by soybean row spacing measured 
during 1990 
Soybean row spacing Percent light interception 
cm Lvl 0 Lvl 1 Lvl 2 
25 90.38 a 80.87 a 56.54 
51 82.23 b 70.40 b 47.99 
76 74.48 c 59.97 c 42.64 NS 
LSDQ Qg 6.38 8.28 
SE 2.22 2.88 4.23 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS = not significant according to the F-test. 
^Lvl = level at which the sensor was inserted into the canopy: Lvl 0 = soil surface; Lvl 1 and 
Lvl 2 = 20 and 40 cm from the soil surface, respectively. 
cropping systems, intercepted more light and produced greater yields than 
Hoyt or A75-D29. Apparently, varieties with the capability to continue 
vegetative growth after flowering has begun (and grow above the wheat 
stubble) are advantageous in light interception and subsequent seed yield. 
Studies have indicated that percent light interception ~ and related 
photosynthesis - during reproductive growth is more critical to final seed 
yield than interception during vegetative growth (Buttery et al., 1981; Wells 
et al., 1982). However, soybeans must develop enough plant matter during 
vegetative growth to have sufficient leaf area for interception during 
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Soybean row spacing 
•n 25 cm H 51 cm iHi 76 cm 
Measured at the R5 growth stage 
I (0) s (0) I (20) 8 (20) 
Cropping System 
("Intercrop; S-Sole soybean 
(numbers in parentheses indicate 
distance (in cm) from the soil surface) 
Figure 11. Interaction of cropping system and row spacing on canopy light 
interception at the R5 growth stage of soybean measured during 
1990 
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Table 12. Mean values^ of soybean plant characters as affected by soybean 
variety and row spacing in intercrop and sole crop systems 
measured during 1990 
Variable Grain yield Plant height 
kg ha cm 
Intercrop Sole crop Intercrop Sole crop 
Row spacing 
25 1022 a 4445 a 51.27 76.24 
51 837 ab 3833 b 58.31 73.40 
76 764 b 3772 b 52.53 NS 72.38 NS 
^®^0.05 219 402 
SE 73 134 3.10 3.28 
Variety 
A75-D29 797 b 3740 b 51.60 b 77.82 b 
Hoyt 769 b 4014 ab 46.00 b 55.93 c 
Pella 86 1057 a 4296 a 64.51 a 88.27 a 
LSDoos 219 402 9.30 9.83 
SE 73 134 3.10 3.28 
^Means followed by the same letter are not significantly different according to the LSD test 
(a=0.05). NS=not significant according to the F-test. 
reproductive growth. Adequate light during vegetative growth is necessary 
for development of leaves and other plant materials. In intercrop systems, 
both the quality and quantity of light available to the lower crop (e.g. 
soybean) are reduced by the taller crop (e.g.wheat) (Allen et al., 1976). 
Apparently, light available to the soybean during vegetative growth had a 
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greater ratio of far-red to red irradiance. The results reported here agree 
with Kasperbauer (1987) where the same type of reduction in light quality 
resulted in etiolated plants with reduced leaf area. During reproductive 
growth, lower LAI's resulted in less light interception by intercrop soybeans 
and a reduction in seed yield. 
Intercropped soybeans in 25 cm row spacings intercepted more light 
than 51 or 76 cm spacings and resulted in greater yields. In studies 
investigating soybean row spacing in sole crop systems, narrow row spacings 
intercepted greater amounts or radiation because they achieved canopy 
closure sooner than soybeans in wider rows (Shibles and Weber, 1966). In 
addition, the outer portion of soybean canopies intercepted the greatest 
amount of radiation (Shaw and Weber, 1967). Apparently, these factors are 
involved in the advantages of narrow rows in intercrop systems as more 
leaves are exposed to incoming radiation (evidenced by greater light 
interception percentages in the data reported here). These data agree with 
Reinbott et al. (1987) where intercropped soybeans in narrow row spacings 
intercepted greater amounts of light and produced greater seed yields. 
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SUMMARY AND CONCLUSIONS 
Experiments were conducted in 1988, 1989, and 1990 to evaluate soil 
moisture usage and canopy light interception in a relay intercropping system 
involving soybean arid wiriter wheat. Three soybean varieties were selected 
based primarily on their stem termination type: A75-D29 (semideterminate), 
Hoyt (determinate), and Pella 86 (indeterminate). The soybeans were 
planted at three different row spacings (25, 51, and 76 cm) into 25 cm 
spacings of wheat. Sole plots of both soybean (at all combinations of varieties 
and row spacings) and winter wheat were used as controls. Measurements of 
soil moisture usage and light interception were attempted at four times in 
each season according to the growth stage of sole soybeans (VI, V5, R2, and 
R5). Soil moisture measurements were taken at three depths in the soil 
profile (Dl=0-15, D2=16-30, D3=31-60 cm). For 51 and 76 cm soybean row 
spacings, measurements were also taken at two distances from the row (6.4 
and 31.8 cm). For light interception measurements, samples were taken in 
20 cm increments from the soil surface to the canopy top with comparisons 
made among cropping systems, soybean varieties, and soybean row spacings. 
The first two years of the study (1988 and 1989) were very dry and 
intercropped soybeans died before reaching the R2 growth stage. In 1990, 
above normal precipitation fell and resulted in abundant soil moisture 
throughout most of the growing season. Therefore, highly significant 
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differences occurred between years in soil moisture availability and usage. In 
1988 and 1989, extremely dry weather prevented adequate plant growth for 
roots to extend beyond the first distance. In 1990, abundant rainfall 
apparently resulted in enough soil moisture close to the row so that roots did 
not extend to the 31,8 cm distance from the row. Generally, soybean variety 
and row spacing did not affect soil moisture usage in intercrop systems. 
At the VI sampling (which was taken only in the dry years), both 
soybean and wheat were actively growing. In the order of greatest to least 
soil moisture usage, the rank of the three cropping systems was: 1) soybean 
intercropped into winter wheat, 2) sole wheat, and 3) sole soybean. Samples 
taken shortly after a rain in 1988 showed greater soil moisture content in D1 
and D2 than in D3. In 1989, rainfall did not occur for a week prior to the VI 
samples being taken and showed lowest soil moisture in the upper soil profile 
(Dl). Soybean competition for soil moisture apparently did not occur below 
the 15 cm depth in the profile. An interaction between cropping system and 
distance showed that wheat roots extracted more soil water from rows in 
which no soybeans were planted. 
When V5 samples were taken, wheat had reached physiological 
maturity and was not actively extracting water. In 1988, intercropped plots 
had significantly less moisture than sole plots of wheat or soybean. In 1990 
(a wet year), intercropped plots (and sole wheat) had higher soil moisture 
contents than sole crop soybeans. Apparently, the wheat canopy shaded the 
146 
soil surface and resulted in less soil evaporation. In both years, soil moisture 
content increased with depth in the soil profile. 
Soil moisture usage in intercrop soybeans after wheat harvest could 
only be measured in 1990. During reproductive growth of soybean (R2 and 
R5), soil moisture usage did vary at different depths in the profile and 
distances firom the row. At the R2 growth stage, soil moisture content of 
intercropped soybeans was significantly lower at the closer distance to the 
row, an indication that soybean roots had not extended beyond the barrier 
created by the wheat roots. In sole crop soybeans, roots were apparently 
distributed evenly throughout the soil profile as no differences were 
evidenced between the two distances from the row. An interaction between 
distance and depth showed that soybean roots developed during reproductive 
growth of soybean were positioned deeper in the soil profile and at farther 
distances from the row. 
Light interception measurements were only reported for 1990 and 
significant differences occurred between the three cropping systems at the VI 
growth stage. Apparently, damage from the interseeding of soybeans 
decreased light interception by the canopies as sole wheat intercepted 
significantly more light than soybean intercropped into wheat at the soil 
surface. Both cropping systems involving wheat intercepted significantly 
more light than sole soybeans. At levels above the soil surface, sole wheat 
intercepted more light than intercropped wheat (although not a significant 
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amount) and also yielded slightly more than intercropped wheat. At the V5 
growth stage, both sole and intercropped wheat continued to intercept more 
light than sole soybean. During the periods when both wheat and soybean 
were growing together, soybeans in 25 cm row spacings intercepted 
significantly more light than 51 or 76 cm spacings. A significant interaction 
occurred between row spacing and soybean variety where light interception 
in wheat with Hoyt soybeans increased with wider rows. In A75-D29 and 
Pella 86, light interception generally decreased as row spacings were 
widened. 
An interaction also occurred between cropping system and row spacing. 
In sole soybeans, light interception decreased as row spacings increased. In 
intercrop treatments, light interception was greater at 25 cm soybean 
spacings, lowest at 51 cm spacings, and intermediate at 76 cm spacings. 
Apparently, most of the light in the intercrop treatments was intercepted by 
the wheat and transmitted to the soybeans since soybeans were extremely 
etiolated. 
After wheat was harvested, sole soybean intercepted significantly more 
light than intercropped soybeans at all levels sampled. Soybeans in narrow 
row spacings and with an indeterminate growth habit were advantageous in 
light interception and produced the highest seed yield. Semideterminate and 
determinate varieties intercepted more light than the indeterminate at the 
soil surface and 20 cm in the canopy. However, the indeterminate variety 
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was taller and could utilize more total light than the determinate or 
semideterminate. Consequently, Pella 86 produced the greatest seed yield. 
For intercrop systems, narrow row spacings and tall indeterminate 
cultivars are advantageous in light interception and subsequent seed yield. 
These data indicate that soybean varieties and row spacings that can 
assimilate the most material during vegetative growth will have an 
advantage in light interception during reproductive growth. 
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Table Al. Dates of planting and harvesting of sole crop and relay intercrop 
winter wheat and soybean for the 1988, 1989, and 1990 
experiments 
Winter Wheat Soybean 
Year^ 
Planting 
date 
Harvest 
date 
Planting 
date 
Harvest 
date 
1988 9-25-87 7-7-88 5-20/21-88 10-11-88^ 
1989 9-29-88 7-12-89 5-22-89 10-14-89 
1990 9-28-89 7-18/20-90° 5-31-90 10-13/15-90*^ 
^Indicates year in which the experiments were harvested. 
^Intercropped soybean plots were not harvested in 1988 or 1989. 
^Rainfall occurred shortly after harvesting the second replication on 18 July, 1990; therefore, 
the third replication was harvested on 20 July, 1990. 
^Equipment failure occurred after harvesting the first replication on 13 Oct., 1990; therefore 
the second and third replications were harvested on 15 Oct., 1990. 
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Table A2. Total monthly precipitation (P) and departures from 30 year 
average (Dep) for 1988, 1989, and 1990 at Ames, Iowa 
30 1988 1989 1990 
Month 
Year 
Average P Dep P Dep P Dep 
mm 
Jan 18.8 9.4 -9.40 28.4 9.60 18.3 -0.50 
Feb 24.1 5.3 -18.80 7.6 -16.50 10.9 -13.20 
Mar 52.6 9.7 -42.90 18.5 -34.10 2.0 -50.60 
Apr 86.4 43.7 -42.70 65.5 -20.90 50.8 -35.60 
May 111.0 44.5 -66.50 105.7 -5.30 217.4 106.40 
Jun 129.8 53.1 -76.70 88.6 -41.20 210.1 80.30 
Jul 87.6 86.1 -1.50 61.7 -25.90 195.6 108.00 
Aug 98.8 154.2 55.40 44.0 -54.80 109.0 10.20 
Sep 81.5 83.6 2.10 81.3 -0.20 57.2 -24.30 
Oct 58.7 6.9 -51.80 73.7 15.00 46.7 -12.00 
Nov 33.8 49.0 15.20 2.8 -31.00 39.4 5.60 
Dec 21.8 19.6 -2.20 3.3 -18.50 47.8 26.00 
Totals 804.90 565.10 -239.80 581.10 -223.80 1,005.20 200.30 
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Table A3. Mean squares from the analysis of variance of percent soil 
moisture at the VI growth stage of soybean as afiTected by 
soybean variety and row spacing in intercrop treatments 
measured during 1988, 1989, and for combined data 
Source of variation^ df Percent soil moisture 
1988 1989 
Rep 2 53.45 1.98 
V 2 9.93 2.44 
S 2 4.62 13.93 
v*s  4 2.52 16.68 
Ea 16 12.87 11.02 
Dph 2 19.34** 22.55** 
V * D p h  4 3.77 0.64 
S * Dph 4 1.84 2.75 
V * S * Dph 8 1.49 1.07 
% 36 2.32 1.48 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^ = variety; S = spacing; Eg and = error terms for whole and split-plot factors, 
respectively; Dph = depth. 
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Table A3. (Continued) 
Source of variation^ df Percent soil 
moisture 
Combined data 
Yr 1 0.29 
Rep (Yr) 4 27.71** 
V 2 11.09 
S 2 11.73 
V * S  4 8.27 
Ea 8 7.49 
Dph 2 15.55* 
V * Dph 4 1.11 
S  * D p h  4 2.43 
V * S * Dph 8 1.86 
Eb 18 4.45 
Residual 104 4.99 
C.V. (%) 17.50 
= year. 
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Table A4. Mean squares^ from the analysis of variance of percent soil 
moisture at the VI growth stage of soybean as affected by 
cropping system, depth, and distance from the row measured 
during 1988, 1989, and for combined data 
Source of variation df Percent soil moisture 
1988 1989 
Rep 2 173.68** 5.48 
OS 1 344.23* 1513.72** 
Ea 2 19.53 1.52 
Dph 2 32.15** 55.46** 
CS * Dph 2 20.30 40.28** 
Eb 8 4.95 2.18 
Dst 1 2.29 0.38 
CS * Dst 1 8.60 2.00 
Dph * Dst 2 0.25 0.55 
CS * Dph * Dst 2 0.14 0.87 
Ec 12 3.09 0.98 
Residual 180 5.16 6.07 
C.V. (%) 16.60 16.32 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^measured only in treatments with 51 or 76 cm soybean row spacings. 
^CS = cropping system; Dph = depth; Dst = distance; E^, Ejj, and Eg = error terms for 
whole, split", and split-split-plot factors. 
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Table A4. (Continued) 
Source of variation df Percent soil moisture 
Combined data 
Yr 1 214.07** 
Rep (Yr) 4 89.58 
es 1 1650.82 
Ea 1 207.13 
Dph 2 55.06 
es * Dph 2 9.82 
Eb 8 41.65 
Dst 1 2.27 
es * Dst 1 9.45** 
Dph * Dst 2 0.31 
es * Dph * Dst 2 0.60 
Ec 6 0.55 
Residual 404 5.37 
C.V. (%) 16.10 
Yr = year. 
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Table A5. Mean squares from the analysis of variance of percent soil 
moisture at the VI growth stage of soybean as affected by 
cropping system and depth measured during 1988, 1989, and for 
combined data 
Source of variation^ df Percent soil moisture 
1988 1989 
Rep 2 121.01** 2.03 
CS 2 142.76** 454.54** 
Ea 4 1.94 4.45 
Dph 2 31.53** 55.50** 
CS * Dph 4 14.52* 12.28 
Eb 12 2.89 2.36 
Residual 144 6.15 6.47 
C.V. (%) 17.61 16.87 
Combined data 
Yr 1 83.22** 
Rep (Yr) 4 61.52 
CS 2 536.70 
Ea 2 59.92 
Dph 2 34.04 
CS * Dph 4 4.66 
Eb 6 31.66 
Residual 320 5.97 
C.V. (%) 16.77 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^CS = cropping system; Dph = depth; Eg and Ey = error terms for whole and split-plot 
factors, respectively; Yr = year. 
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Table A6. Mean squares from the analysis of variance of percent soil 
moisture at the V5 growth stage of soybean as affected by 
soybean variety and row spacing in intercrop treatments 
measured during 1988, 1990, and for combined data 
Source of variation^ df Percent soil moisture 
1988 1990 
Rep 2 8.86 1.73 
V 2 0.08 2.31 
S 2 3.80 40.26 
V * S  4 3.62 15.95 
Ea 16 9.40 23.06 
Dph 2 17.82** 12.39 
V * Dph 4 1.47 1.35 
S * Dph 4 3.22* 1.63 
V * S * Dph 8 1.59 7.44 
Eb 36 1.21 6.19 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^ = variety; S = spacing; Eg and Ey = error terms for whole and split-plot factors, 
respectively; Dph = depth. 
Table A6. (Continued) 
162 
Source of variation^ df Percent soil 
moisture 
Combined data 
Yr 1 4077.59** 
Rep (Yr) 4 5.29** 
V 2 0.89 
S 2 18.61 
V * S  4 14.83 
Ea 8 9.11 
Dph 2 29.76** 
V * D p h  4 2.59 
S  * D p h  4 2.45 
V » S * Dph 8 5.72* 
Eb 18 2.10 
Residual 104 7.55 
civ. (%) 16.07 
^r = year. 
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Table A7. Mean squares^ from the analysis of variance of percent soil 
moisture at the V5 growth stage of soybean as affected by 
cropping system, depth, and distance from the row measured 
during 1988, 1990, and for combined data 
Source of variation df Percent soil moisture 
1988 1990 
Rep 2 63.51 38.15 
CS 1 255.94** 330.38* 
Ea 2 3.58 7.29 
Dph 2 146.00*» 78.71* 
CS * Dph 2 48.55** 5.10 
Eb 8 0.83 13.86 
Dst 1 3.05 0.01 
CS * Dst 1 0.18 25.70 
Dph * Dst 2 3.16 2.27 
CS * Dph * Dst 2 0.66 5.53 
Ec 12 1.66 8.41 
Residual 180 4.04 11.75 
C.V. (%) 15.15 16.68 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively, 
^measured only in treatments with 51 or 76 cm soybean row spacings. 
CS = cropping system; Dph = depth; Dst = distance; Ejj, and Eg = error terms for 
whole, split", and split-split-plot factors. 
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Table A7. (Continued) 
Source of variation df Percent soil moisture 
Combined data 
Yr 1 5718.06** 
Rep (Yr) 4 50.83 
es 1 2.37 
Ea 1 583.95 
Dph 2 218.69** 
es * Dph 2 36.02 
Eb 8 11.83 
Dst 1 1.62 
es * Dst 1 10.79 
Dph * Dst 2 5.10 
es * Dph * Dst 2 3.45 
Ec 6 3.78 
Residual 404 7.68 
e.v. (%) 16.38 
Yr = year. 
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Table A8. Mean squares from the analysis of variance of percent soil 
moisture at the V5 growth stage of soybean as affected by 
cropping system and depth measured during 1988, 1990, and for 
combined data 
Source of variation^ df Percent soil moisture 
1988 1990 
Rep 2 35.13** 2.33 
CS 2 108.85* 219.63* 
Ea 4 6.13 14.00 
Dph 2 139.49** 58.12** 
CS * Dph 4 20.51** 15.18 
Eb 12 1.03 8.23 
Residual 144 3.55 9.50 
C.V. (%) 14.20 14.54 
Combined data 
Yr 1 5355.88** 
Rep (Yr) 4 18.73 
CS 2 73.33 
Ea 2 255.14 
Dph 2 188.79** 
CS * Dph 4 30.72* 
Eb 6 6.25 
Residual 320 6.47 
C.V. (%) 14.76 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^CS = cropping system; Dph = depth; Eg and Ey = error terms for whole and split-plot 
factors, respectively; Yr = year. 
166 
Table A9. Mean squares from the analysis of variance of percent soil 
moisture at the R2 and R5 growth stages of soybean as affected 
by soybean variety and row spacing in intercrop treatments 
measured during 1990 
Source of variation^ df Percent soil moisture 
R2 R5 
Rep 2 8.16 17.12 
V 2 34.29 3.89 
S 2 53.81 18.08 
V * S  4 10.51 18.42 
Ea 16 16.62 36.72 
Dph 2 58.52** 10.88 
V * D p h  4 1.94 7.23 
S  * D p h  4 7.87 13.67 
V * S * Dph 8 9.80 5.76 
Eb 36 4.97 10.95 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
= variety; S = spacing; and Ejj = error terms for whole and split-plot factors, 
respectively; Dph = depth. 
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Table AlO. Mean squares^ from the analysis of variance of percent soil 
moisture at the R2 and R5 growth stages of soybean as affected 
by cropping system, depth, and distance from the row measured 
during 1990 
Source of variation df Percent soil moisture 
R2 R5 
Rep 2 0.51 35.45 
CS 1 89.84 0.03 
Ea 2 6.59 19.72 
Dph 2 57.16* 62.56* 
CS * Dph 2 2.87 16.49 
Eb 8 8.61 10.06 
Dst 1 172.15** 0.05 
CS * Dst 1 54.25* 14.04 
Dph * Dst 2 34.63* 3.22 
CS * Dph * Dst 2 14.16 7.05 
Ec 12 8.27 13.60 
Residual 180 8.63 17.72 
C.V. (%) 12.15 17.48 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^measured only in treatments with 51 or 76 cm soybean spacings. 
^CS = cropping system; Dph = depth; Dst = distance; Ejj, and Eg = error terms for 
whole, split", and split-split-plot factors. 
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Table All. Mean squares from the analysis of variance of percent soil 
moisture at the R2 and R5 growth stages of soybean as affected 
by cropping system and depth measured during 1990 
Source of variation^ df Percent soil moisture 
R2 R5 
Rep 2 8.37 21.94 
CS 2 44.20 0.47 
Ea 4 2.54 8.51 
Dph 2 94.09** 49.98* 
CS * Dph 4 1.33 8.45 
Eb 12 11.98 7.86 
Residual 144 9.19 14.69 
C.V. (%) 12.78 15.81 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^CS = cropping system; Dph = depth; Eg and Ey = error terms for whole and split-plot 
factors, respectively. 
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Table A12. Mean squares from the analysis of variance of canopy light 
interception at the VI and V5 growth stages of soybean as 
affected by cropping system (CS) measured during 1990 
Source of 
variation 
df Percent light interception a 
Lvl 0 Lvl 1 Lvl 2 Lvl 3 Lvl 4 
VI Growth 
stage 
Rep 2(2)^ 24.41 13.21 63.02 39.96 151.82 
CS 1 ( 2 )  44858.73** 20.53 327.82 435.92 230.55 
Error 26 (52) 21.64 104.86 186.09 193.82 129.38 
C.V. (%) 9.90 13.76 23.98 34.47 82.90 
V5 Growth 
stage 
Rep 2 ( 2 )  67.93 70.29 61.96 272.13 217.07 
CS 1 ( 2 )  16390.76** 125.23 314.64 292.94 188.92 
Error 26 (52) 160.40 92.65 105.94 135.88 72.10 
C.V. (%) 4.13 13.41 17.55 27.75 43.30 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
^Lvl = level at which the sensor was inserted into the canopy; Lvl 0 = soil surface; Lvl 1, Lvl 
2, Lvl 3, and Lvl 4 = 20, 40, 60, and 80 cm from the soil surface, respectively. 
Sole crop soybeans were less than 20 cm tall at the VI and V5 growth stages and could 
only be included in the Lvl 0 analysis. Numbers in parentheses represent degrees of 
freedom for analyses including sole soybean while the other numbers are the degrees of 
freedom for the analyses involving only sole and intercropped wheat. 
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Table A13. Mean squares from the analysis of variance of canopy light 
interception at the VI and V5 growth stages of soybean as 
affected by cropping system (CS), variety, and row spacing 
measured during 1990 
Source of variation df Percent light interception at soil 
surface (Lvl 0) 
VI V6 
Rep 2 26.02 84.80 
CS 1 83874.46** 29791.13** 
Variety (V) 2 23.96 12.11 
Spacing (S) 2 68.42* 1413.59** 
CS *V 2 0.31 39.92 
C S * S  2 35.05 568.36* 
V * S  4 54.13* 10.61 
CS * V * s 4 2.99 33.69 
Error 34 18.72 118.81 
C.V. (%) 9.70 18.82 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table A14. Mean squares from the analysis of variance of canopy light 
interception at the R2 and R5 growth stages as affected by 
cropping system (CS), variety, and row spacing measured during 
1990 
Source of variation df Percent light interception^ 
Lvl 0 Lvl 1 Lvl 2 
R2 Growth stage 
Rep 2 68.78 14.07 71.75 
CS 1 12454.88** 24520.49** 58532.70** 
Variety (V) 2 100.16 41.67 488.78 
Spacing (S) 2 2129.21** 2339.12** 1741.83** 
CS * V 2 427.15** 758.75 1295.10* 
C S * S  2 957.15** 619.31 657.44 
V * S  4 57.61 108.88 135.05 
CS * V * S 4 108.38 186.61 209.22 
Error 34 67.96 240.02 313.84 
C.V. (%) 10.71 23.32 40.59 
R5 Growth stage 
Rep 2 286.28 287,01 10.61 
CS 1 7924.21** 25265.85** 61793.82** 
Variety (V) 2 230.37 601.61* 1426.07* 
Spacing (S) 2 1137.40** 1964.97** 883.99 
>
 
*
 
o
 2 63.94 89.92 195.60 
cs*s  2 815.96** 715.33* 35.93 
V* s 4 97.37 97.17 10.86 
cs*v*s  4 227.36 187.77 100.25 
Error 34 88.79 149.23 322.73 
C.V. (%) 11.44 17.35 36.62 
*,** = significant at the 0.05 and 0.01 levels of probability, respectively. 
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GENERAL SUMMARY 
A three year study was conducted to evaluate three soybean varieties 
planted at three different row spacings in a relay intercropping system with 
winter wheat. The two part study was conducted at the Iowa State 
University Agronomy and Agricultural Engineering Research Center (near 
Boone, Iowa) in 1988, 1989, and 1990. The objective of the first experiment 
was to determine the effect of soybean variety and row spacing on yield (and 
selected characteristics associated with grain yield). The objective of the 
second experiment was to determine the effect of the soybean variables on 
soil moisture usage and canopy light interception. Soybean varieties were 
selected according to their stem termination type and were A75-D29 
(semideterminate), Hoyt (determinate), and Pella 86 (indeterminate). 
Soybean row spacings were 25, 51, and 76 cm and resulted in soybeans rows 
between every one, two, or three wheat rows, respectively. 
Large differences in the amounts of rainfall caused significant 
differences among years in both experiments. In 1988 and 1989, extremely 
dry weather resulted in premature death of intercropped soybeans. In 1990, 
above normal rainfall maintained abundant soil moisture throughout the 
growing season. 
The results of experiment I showed that wheat yield was not 
significantly affected by intercropping. Neither soybean variety nor row 
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spacing had a significant effect on wheat yield or any of the other 
characteristics measured. Kernel size in intercropped wheat was slightly 
larger than sole wheat in 2 out of 3 years. The increase in kernel size 
apparently offset any reduction in kernel number so that the overall yield 
was not decreased. Intercropping caused a slight reduction in wheat height, 
but was probably caused by mechanical damage during interseeding of 
soybeans. 
Soybean yields were greatly reduced by intercropping as intercropped 
soybeans yielded only 22% of sole soybeans. These yield reductions were 
caused by a combination of reduced plant stand, seed size, and plant height. 
Pella 86, a tall, indeterminate, large-seeded cultivar, performed better in 
yield and associated characters in the intercrop systems. A75-D29 performed 
better than Hoyt. The ability of indeterminate and semideterminate 
soybeans to resume vegetative growth after flowering has begun obviously 
gives them an advantage over determinate soybeans in intercrop systems. 
However, the varieties performed the same (relative to each other) in sole 
crop systems so that no interaction occurred between cropping system and 
variety. Likewise, narrow row spacings performed better in both sole and 
intercrop systems. 
Calculation of land equivalent ratio (LER) values revealed that the 
agronomic productivity (in 1990) of wheat and soybean combined was greater 
than either would have been if grown as sole crops. The average LER value 
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was 1.18, indicating that 18% more land would have been required for sole 
crops to provide the same total production as the intercrop. The wheat 
component composed the majority of the LER (0.96) with soybeans accounting 
for only 0.22. Soybean variety significantly affected the soybean component 
of LER as the intercrop yield of Pella 86 contributed significantly more to 
LER than A75-D29 or Hoyt. 
In experiment II, soil moisture usage and light interception were 
attempted at four times during each season. Soil moisture samples were 
taken at three depths in the soil profile (Dl=0-15, D2=16-30, D3=31-60 cm) 
and at two distances ~ 6.4 and 31.8 cm ~ from the row (in 51 and 76 cm row 
spacings only). Samples taken while both wheat and soybean were actively 
growing revealed that intercropped treatments used more soil moisture than 
sole wheat or sole soybean. Soil moisture usage was greatest in the upper 
soil profile (Dl). Samples taken at the VI growth stage also showed that 
wheat compensated for increased competition from soybeans by extracting 
more soil water from between rows in which no soybeans were interseeded. 
In the wet year (1990), the wheat canopies shaded the soil surface, thereby 
reducing soil moisture loss from evaporation and resulting in higher soil 
moisture contents. 
Samples taken during early reproductive growth of soybean (R2) 
revealed that the roots of wheat created a barrier for soybean roots so that 
soil moisture usage by soybean was greater at closer distances to the row. 
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During late reproductive growth (R5), soil moisture was extracted from 
deeper depths and at greater distances from the row. 
Light interception measurements demonstrated that sole wheat 
intercepted more light than intercropped wheat at all levels in the canopy. 
Although the difference was significant only at the soil surface, the 
advantage in light interception did lead to slightly higher yields. These data 
also showed that the etiolated soybeans in the wheat canopy received 
primarily transmitted light and did not result in greater total canopy light 
interception. During the overlap period between soybean and winter wheat, 
treatments with soybeans seeded in 25 cm row spacings intercepted more 
light than 51 or 76 cm spacings. 
Measurements taken after the wheat was harvested showed that sole 
soybean intercepted significantly more light than intercropped soybeans 
during reproductive growth. Soybeans grown in narrow row spacings and 
with indeterminate growth habits also intercepted more light. A75-D29 and 
Hoyt intercepted more light at lower depths in the canopy; however, wheat 
stubble obviously intercepted a portion of incoming radiation. Pella 86 was 
taller and could thus utilize more total light than the other two varieties. 
Apparently, soybean varieties and row spacings that produce the greatest 
amount of vegetative plant matter will perform better in intercrop systems. 
The data reported here demonstrate the increased risk associated with 
intercropping systems in Iowa. By using this system, producers will be more 
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vulnerable to weather patterns. Short periods of moisture stress at or 
shortly after interseeding of soybean can result in major yield decreases or 
total failure of the second crop. Rainfall (or other conditions) that delay 
small grain harvest will increase the overlap period and also result in 
decreased soybean yields. The wheat crop is usually near physiological 
maturity when drought and heat stress are likely; therefore, when 
mechanical damage can be minimized, small grain yields should not decrease 
due to intercropping. For soybeans in intercrop systems, some yield loss is 
expected even in ideal weather conditions. Perhaps soybean yield ~ and 
overall productivity of the system ~ can be minimized by wider wheat row 
spacings. 
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